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INTRODUCTION..

The volume for the occupational cluster of Metal Forming and
. .

Fabrication is the result of the research procedures which are de-

scribed in Part III of the final report volume. The research initi-
.

ally involved the identification of tasks which are required for

entry into the occupations found in the Metal Forming and Fabrica-

tion Cluster. These tasks are classified into two categories:

Level I - Those tasks which are needed immediately
upon job entry.

Level II- Those tasks which are not needed immedi-
ately for job entry into an occupation,
but will be needed soon after entering
the occupation.

Each job entry task was then analyzed with respect to the

areas of human requirement (communication, measurement, mathematics,

science,, skills and information) which are necessary for the per-

formance of the task. The task statements and the areas of human

requirement are written in behavioral terms which provide the in-

structor with a description of what the student should be able to

do after he has had the learning experience.

The areas of human requirement that are common. to the occupa-

tions included in the Metal Forming and Fabrication Cluster have

been determined and are identified in the task analysis section ill

the following manners

ei Common to all occupations

. * Common to more than one occupation.

0 Common within the occupation

A suggested instructional sequence for each task is provided

Or the teacher at the end of the task analysil section. The task

40.



is shim.' at the top of the page with the .headings for the areas of

human requirement listed below the task. Under each heading the
S

behavioral statements have been arranged in a suggested instruction-

al sequence. The arrangement provides the teacher with en instruc-;
tional pattern that can also be used to develop lissOn plans, mat
erials of instruction and visual aids.

A course outline has been developed for each occupation
Metal Forming and Fabrication Cluster, The outlines are 'based upon

...

an analysis of the job entry tasks and the identification of common

areas of litinan iirequirement. t ;

it
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JOB ENTRY TASKS

METAL FORMING AND FABRICATION

A list of tasks have been identified in
this section of the report that are needed
for entry into the occupations included in
the metal forming and fabrication cluster.
The job entry tasks for the cluster are
classified into two categories:

Level I - those tasks which are needed
immediately upon job entry.

Level II those tasks which are not
needed immediately for job
entry into an occupation,
but will be needed soon af-
ter entering the occupation.



Task

LEVEL .I JOB ENTRY TASKS

Machining.

Task Statements

1. TurningTurning stodk on lathe to produce a faced surface.

2. Countersinking (countersink and center drill) stock to
produce a tapered hole for mounting stock between centers.

Turning stock on lathe to produce a cylinderical shape to
.001. of an inch.

Turning stock on lathe to produce a shoulder to .001 of
an inch.

Drilling stock on lathe to produce a hole to .005 of an
inch.

Parting stock on lathe to produce a piece within 1/32 of
an inch.

.11. Filing stock on lathe to produce a finished surface

12. Machining stock on shaper to produce a flat surface.

13. Machining stock on shaper to produce two parallel surfaces
to .005 of an inch.

14. Drilling stock on drill press to produce a hole to .005
of_an

16. Spot facing a hole on drill press to produce a finished
surface to .005 of an inch.

17. Countersinking on drill press to produce a fastener receiver
hole.

19. Grinding stock on bendh grinder to remove excess metal.

20. Grinding drill bits on a bendh grinder to shappen tools.

21. Grinding stock on surface grinder to produce a flat surface.

22. Grinding stock on surface grinder to produce two parallel
, surfaces to .001 of an inch.

25. Machining stock on a horizontal milling machine to produce
allatsurface.



26. Machining stock on a horizontal milling machine to pro-
duce parallel surfaces to .001 of an inch.

30. Machining stock on a vertical milling machine to produce
a flat surface.

31. Machining stock on a vertical milling machine to produce
two parallel surfaces to .001 of an inch.

Welding

1. Arc welding ferrous metals with A.
a horizontal butt joint.

Arc welding ferrous metals with A.
a horizontal lap joint.

3. Arc welding ferrous metals with A.
a horizontal outside corner joint.

Arc welding ferrous metals with A. C.
a' horizontal inside corner joint.

5. Arc welding ferrous metals with A. C.
a horizontal tee joint.

Arc welding ferrous metals with A. C.
a vertical lap joint.

C.

C.

C.

"
Arc welding ferrous metals with D. C.
a horizontal butt joint.

10. Arc welding ferrous metals with D. C.
a horizontal lap joint.

11. Arc welding ferrous metals with D. C.
a hcirizontal outside corner joint.

12'. Arc welding ferrous metals with D. C.
a horizontal inside corner joint.

13. Arc welding ferrous metals with D. C.
a horizontal. tee joint.

14. Arc welding 'ferrous-metals with D. C. welder to prilduce
a vertical lap joint.

welder

welder

welder

welder

welder

to

to

to

to

to

welder to

Welder to

welder to

welder to

welder to

welder to

produce

produce

produce

produce

produce

produce

produce

produce

produce

produce

produce

Pad welding low areas on metal stack to renew-stock to
original height.

18. Gas welding ferrous metals stock to pcodUce'ahoiitontal
butt joint.



19. Gas welding ferrous metals stock to
lap joint.

20. Gas melding ferrous metals stock to
outside corner joint.

21. Gas welding ferrous metals stock to
inside corner joint.

22. Gas welding ferrous metals stock to
tee joint.

23. Gas welding ferrous metals stock to
lap joint.

24. Gas cutting ferrous carbon steels.

25. Brazing ferrous metals to produce a

26. Brazing ferrous metals to produce a

27. ,Brazing ferrous metals to produce a
corner joint.

28. Brazing ferrous metals to produce a
ner joint.

29. Brazing ferrous metals to produce a

30. Brazing ferrous metals to produce a

Sheet Metal

3

produce .a horizontal

produce a horizontal

produce a horizontal

produce a horizontal

produce a vertical

horizontal butt joint.

horizontal lap joint.

horizontal outside

horizontal inside cor-

horizontal tee joint.

vertical lap joint.

Tracing templates on sheet metal for cutting, bending and
joining sheet metal items.

Cutting sheet metal with hand tools to produce a straight
cut within 1/32 of an inch.

4. Cutting sheet metal with hand
cut within 1/32 of an inch.

6. Cutting sheet metal with hand
cut within 1/32 of an inch.

tools to produce a circular

tools to produce an irregular

8. Cutting sheet metal with, hand tools .to produce
cut within 1/32 of an inch.

10. Cutting Sheet, metal to produce an interior cut
of an indh.

a notched

within 1/32

.12. .:70rThincp sheet metal crimp,ing- on- a- crimping machine.



13. Forming sheet metal beading or a beading madhine.

20. Drilling sheet metal to produce a fastener receiver hole.

24. Fastening sheet metal parts with sheet metal screws to
produce an assembly.

25. Bolting sheet metal parts to produce an assembly.

27. Joining sheet metal parts with seams.

Assembly

1. Adhering parts with adhesives using hand processes to pro-
duce a metal bonded assembly.

3. Fastening metal parts with screws to produce an assembly.

4. Bolting metal parts with screws to produce an assembly.

5. Riveting metal parts to produce an assembly.

6. Tightening metal fasteners with hand power tools.

9. Holding parts in clamping devices for assembly of details,
sub - assemblies and assemblies.

12. Filing stock to produce a finished assembly to .001 of an
inch.

13. Drilling holes in material with hand drill to produce a
hole to .005 of an inch.

14. Drilling holes with a hand power drill to produce a hole
to .005 of an inch.

17. Countersinkingholes with hand tools to produce a fastener
receiver hole.

18. Countersinking holes with power drill to produce a fastener
receiver hole.

23. Checking dimensions of details with precision instruments
for accurate assembly.

24. Checking dimensions of sub-assemblies and assemblies to
produce accurate assemblies.

26. Stamping number and.letters on metal stock for identifica-
tion.

. 27. Raids ring appropriate metal-parts with various blmmers,-



Task
No

LEVEL II JOB ENTRY TASKS

Machining

. Task Statements

6. Reaming stock on lathe to produce a finished hole to .001
of an inch.

Boring stock on lathe to produce an enlarged hole to .001
of an inch.

Counterboring stock on lathe to produce a recessed hole
to .005 of an inch.

10. Necking stock on lathe to produce a necked shape to 1/32
of an inch.

'15. Reaming a hole on drill press to produce a finished hole
to .001 of an inch.

18. Counterboring stock on drill press to produce an enlarged
bole to .005 of an. inch..

23. Grinding stock. on surface grinder to produce two perpendi-
cular surfaces to .001 of an inch.

24. Grinding stock, on surface grinder to produce an angular
surface.

27. Madhining stock on a horizontal milling machine to produce
two perpendicular surfaces to .001 of an inch.

Machining stock on a horizontal milling machine to produce
a dhoulder to .001 of an inch.

29. Machining stock on a horizontal milling machine to produce
an angular* surface.

32. Machining stock on vertical milling machine to produce two
perpendicular surfaces to .001 of an inch.

33. Machining stock on vertical milling madhine to produce a
shoulder to .001 of an inch.

Welding

Arc .welding pipe stock with D. C wel4er
joint while fixed.

to produce a butt



Arc welding pipe stodk with A. C. welder to produce butt
joints while rolling.

15. Arc melding pipe stock with
1pints while fixed.

16. Arc melding pipe stock with
joints while rolling.

D. C. welder to prbduce butt

D. C. welder to produde butt

Brazing non-ferrous metals to produce a horizontal butt
joint.

32. Brazing non-ferrous metals to produce a horizontal lap
joint.

33. Brazing non-ferrous metals to produce a' horizontal outside
corner joint.

34. Brazing non-ferrous metals to produce a horizontal inside
corner joint.

35. Brazing non-ferrous metals to produce a horizontal tee
joint.

36. Brazing non-ferrous metals to produce a vertical lap joint.

37, Inert gas welding ferrous metals to produce a 'horizontal
butt joint.

Inert gas welding ferrous metals to produce a horizontal
lap joint.

39. Inert gals :,,welding ferrous metals to produce a horizontal
outside corner joint.

Inert gas welding = ferrous -metals to produce a horizontal
inside corner joint.

Inert gad welding ferrous metali4 to produce .a horizontal
tee joint.

42. Inert gas -welding ferrous metals to produce .a vertical
lap joint.

43; Inert gas melding pipe stock to produce butt-joints while
rolling.

4

44. Inert gas melding pipe stock to produce-butt joints while

-Intrt'Vat 'fielding non
ta,l.butt joint.

roduce ',a liOrizon-

_; __



46.

47.

48.

49.

50 .

51.

Inert gas welding non-ferroUs
tal lap joint.

Inert gas welding non-ferrous
tal outside corner joint.

Inert gas welding non-ferrous
tal inside corner joint.

Inert gas welding non-ferrous
tal tee joint.

Inert gas welding non-ferrous
lap joint.

Inert gas welding non-ferrous
joints while rolling.

52. Inert gas welding non-ferrous
joints while fixed.

Sheet Metal

metals to 'produce

metals to produce

7

a horizon-

a horizon-

metals to produce a horizon-

metals to produce a horizon-

metals to produce a vertical

pipe stock to produce butt

pipe stock to produce butt

Cutting sheet metal with machinery to produce a straight
cut within 1/32 of an inch,.

Cutting sheet metal with machinery to produce a circular
cut within 1/32 of an inch.

Cutting sheet metal with machinery to produce an irregular
cut within 1/32 of an inch.

Cutting sheet metal with ,machinery to produce a notched
cut within 1/32 of an inch.

11: Forming sheet metal cylinderical shapes on slip roll form-
ing machine.

14. Rorming single hem on bar folder or brake for strength.

-15. Forming double hem on bar folder or brake for .strength.

16. Forming single seam on a brake and/or bar folder for join-ing Sheet metal parts.

17. Forming double seam on a brake and/Or bar folder for join-
ing sheet metal parts.

18. Forming Pittsburgh lock seam with mackinery for joining
Sheet metal parts.

Forming cap strip seam on a drive cap machine for joining
sheet metal parts.

19.
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21. Adhering sheet metal parts with adhesiveS to producean
assembly.

22. Welding (spot) 'sbeet metal parts to' produce "an assembly.

23. Soldering sheet metal parts to produce an assembly.

26. Riveting Sheet metal parts to produce an asseMbly.

Assembly

Adhering parts with adhesive's using spray equipment to a
specified thickness to produce a metal bonded assembly.

Mating parts together to produce sub-assemblies.

Mating parts and sUb-asseMblies together to produce major
asseMblies.

10. Cutting materials with hand tools to fit in an assembly.

11. CUtting materials with power tools to fit in an assembly
to 1/32 of an inch.

15. Reaming stock with hand wrench to produce a finished hole
to .001 of an inch.

16. Reaming stock with power drill to produce a finished hole
to .001 of an indh

19. Tapping holes with taps to produce a threaded hole.

20. Cutting= threads with dies to produce a threadedmember.

21. Punching. materials with hand pundhes to produce a hole.

22. Punching materials with power tools to produce an assembly.

25. Measuring stock with *precision instruments for assembly.

2J. Flaring metal' tubing with h-a flaring tool to prOduce a flare.

29. Aligning Parts: in sdb-asseiblies and:assemblie* with hand
tools.

.$*



TASK ANALYSIS

METAL FORMING AND FABRICATION

This section of the report identifies the
results of an analysis of the job entry tasks
with respect to -the areas of human requirement
(communication, measurement, mathematics, sci-
ence, skills, and information) needed for the
performance of the tasks. The task statements
and the areas of human requirement are written
in behavioral terms which provide the instruct-
or with a description of Idhat the student
should be able to 'do after he hat had the learn-
ing experience. The areas of human requirement
that 'are common to the occupations.,in the clus-
ter have been determined and are identified in
the following manner:

A Common to all occupatims.

* Common to more than one occupation.

0 Common within the occupation.
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TASK 1: TURNING STOCK ON LATHE TO PRODUCE A FACED SURFACE

COI ICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
A c. Finish and accuracy required
* d. Number of parts to be machined
A e. Kind of material

kURSUREMENT

A 1. Measuring stock with a rule or scale to determine length.

MATHEMATICS

0 1. Computing fractional equivalents of decimals.

0 2. Computing automatic feed for various metals.

0 3. Computing cutting speeds for various metals.

A 4. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. SUbtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

=libigs.

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear and pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKILLS

1i` ;Laying out stock with ap

t-)A,-aa Rule or scale
b. Scriber
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* 2. Cutting stock to length with:

lie Hand saw
be Power hack saw
ce Power band saw

0 3. Mounting:

a, Chuck
be Collet
c. Face plate, in-on lathe

0 4, Cleaning machine with racy and brush to obtain accurate
set up.

0 5. Mounting stock on the lathe with:

a. Chuck 3 jaw, 4 jaw
be Collet
c. Face plate

0 6. Mounting facing tool in holder in tool post and adjust
point.

0 7. Adjusting controls to obtain proper spindle speed.

0 8. Adjusting controls to obtain proper feed.

0 9. Setting depth of curt! for roughing cut.

0 10. Applying cutting fluids to lubricate cutting action and
reduce /cutting temperature

11.. Operating lathefto produce a faced surface.

-0 12. Setting depth of cut for finished cut.

13. Removing work from holding devices.

14. Removing burrs :'frolt: finished 'Work with:

a. File_
b olOth

.INFOAMATION

1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw !blades for the task.

0 3. Selecting method of holding didielt- it* bemachined.

a.- Chuck 3 jaw, 4 jaw
b. Collet
c. Face plate
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0 4. Protecting IT-Ways with wood when mounting, chucks.

0 5. Selecting proper facing tool for the job.

0 6. Selecting methods of holding cutting tools.

0 7. Selecting (from chart) correct cutting speeds for variousmetals.

0 8. Selecting direction of cut.

9. Removing and disposing of chips to keep work area clearand free from danger.

10. Practicing proper safety precautions when operating a
lathe:

* a. Wearing goggles or face Shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools which have been adequately

Sharpened
0 f. Maintaining all safety guards in place

0 11. Selecting proper cutting fluids for various metals.

A 12. Selecting proper type of file.

a 13. Selecting abrasive cloth for removing burrs.

TASK 2: COUNTERSINKING (COUNTERSINK AND CENTER DRILL) STOCK TO
PRODUCE A TAPERED HOLE FOR. MOUNTING STOCK BETWEEN CENTERS

CO: MumichTioNs

1. Reading blueprint to determine:

a. Size and characteristics of the workpiece
A .b. Type of operation
A c. Finish and accuracy required
* d. Number of parts to be machined
A e. Kind of material

MEASUREMENT

A 1. Measuring stock with' a rule or scale to determine length.
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MATHEMATICS

0 1. Computing fractional equivalents of decimals.

A 2. Applying knowledge of fractional parts of an inch:

ao Multiplying fractioni to determine exact dimensionsb. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensionsd. Dividing fractions to determine exact dimensions

3. Applying knowledge of decimals

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensionsc. Multiplying "decimals to determine exact dimensionsdo Dividing decimals to determine exact dimensions

SCIENCE

Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear and pulley drive ratios.

3, Explaining heat transfer as it relateS to coolants.

SKILLS

1. Laying out stock with a:

A a. Rule or scale
* b. ,Center.head
*.co Hemaphrodite Calipers
* d. Surface gauge

eo Dividers
E. Scriber

A g. Center punch

2. Cutting stock to length with:

* a. Hand saw
* b. Power hack saw

co Power.ben4 saw

0 3. Mounting;

a. Cbudr
b. Collet

--Ple:;001% Plates An-on,
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0. 4. Cleaning machine, with cloth and brush to obtain accurateset up.

0 . Mounting stock on the lathe with:

a. Chuck 3 jaw, jaw
b. Collet
c. Pace plate

0 6. Mounting countersink and center drill in drill chuck intail stock.

0 7. Adjusting controls to obtain proper spindle speed.

0 8. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

9. Operating lathe to produce a tapered hole.

A 10. Removing work from holding devices.

INFORMATION

A.1. Selecting appropriate layout tool for the task.

Selecting method of holding 'stock to be maChined:

a. Chuck 3 Jam, 4 jaw
b. Collet
c. Face plate

0 3. Protecting V-Ways with wood when mounting chucks.

0. 4. Selecting proper countersink and center drill for the job.

5. Practicing proper safety precautions when operating .a lathe:

a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 C. Removing all tools before starting machine
0 &Making adjustments after machine has stopped
* e. Using only cutting tools which have been adequately

Sharpened
0 f Maintaining all safety guards in place

6: Selecting proper cutting fluids for various metals.
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TASK 3: TURNING STOCK ON LATHE TO PRODUCE A CYLINDERICAL SHAPE
TO .001 OP AN INCH

COMMUNICATIONS.

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
A c. Finish and Accuracy required
* d. Number of parts to be machined
A e. Kind of material

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with an outside caliper to determine size.

* 3. Measuring stock with a micrometer to determine size.

* 4. Measuring stock with a vernier caliper to determine size.

MATHEMATICS

0 1. Determining fractional and decimal equivalents from chart.

0 2. Computing fractional equivalents of decimals.

0 3. Computing decimal equivalents of fractions.

0 4. Computing automatic feed for various metals.

0 5. Computing cutting speeds for various metals.

A 6. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c, Sdbtracting fractions to determine exact dimensions
d, Dividing fractions to determine exact diMensions

* 7. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

ti
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0 1. Explaining the physical' properties of the machinability
of various metals.

,0 2. Explaining gear and'pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

0 4. Explaining the heat generated on the dead center of the
lathe.

SKILLS,

1. Laying out stock with a:

A a. Square
A b. Rule or scale
* c. Center head
* d. HemaIihrodite calipers
* e. Surface gauge
A f. Dividers
A g. Scriber
A h. Center punch

2. Cutting stock to length with:

ta, . Hand saw
b. Power hack saw
c. Power band saw

0 3. Mounting:

a. Chuck
b. Collet
c. Face plate, in-on lathe.
d..,Between centers

0 4. Cleaning, machine with cloth .and brush to obtain accurate
set up.

0 5. Aligning lathe centers to produce an accurate cut.

0 6. Applying lubricant to the dead center on the lathe.
°tutting stock on lathe ,with :,

a Chuck 3 jaw, 4 jaw
1FN 40141.441t
c.. Face' plate
d. Betweerk,qentpx10,

8.#011140AFAhlivqk in 00 post and adjust
r yk.9, 1
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0 9. Adjusting controls to obtain proper spindle speed.

0 10. Adjusting controls to obtain proper feed.

0 11. Setting depth of cut for roughing out.

0 12. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

13. Operating lathe to produce a cylinderical shape to .001
of an inch.

0 14. Setting depth of cut for finished cut.

15. Removing work from holding devices.

16. Removing burrs from finished work with:

a. Pile
b. Abrasive cloth

INFORMATION

1. Selecting appropriate layout tool for the task.
.

* 2. Selecting appropriate 'hacksaw blades for the task.

0. 3. Selecting method of holding stock to be. machined;

a. Chuck 3 jaw, 4 jaw
b. Collet
c. Pace plate
d. Between centers

0 4. Protecting Ii-ways with wood when mounting chucks.

0 Selecting proper turning tool for the job.

0' 6:. selebting latethods of holding cutting tool's.

0 7. Selecting (from chart) correct cutting speeds for various

.SeleCting direbtiotx of -gilt.

9 Removing and disposing Of chips to keep Work. area clear
and free from danger,

10. Piacticing proper safety precautions when operating a lathe:

a. Wearing goggles or ftice'shield
b. wring app 1p apparel

r1t,eaO-:4-v-k:::::Ks:ok4yimt*e':L:iaseeiting machine.

g:-.041justinelitit after: Machine has stopped,
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* e. Using only cutting tools which have been adequately
sharpened

0 f. Maintaining all safety guards in place
0 /1. Selecting proper cutting fluids for various metals.

0 12. Selecting proper lubricant for the dead center on thelathe.
A 13. Selecting proper type of file.

A- 14. Selecting abrasive cloth for removing burrs.

TASK 4: TURNING STOCK ON LATHE TO PRODUCE A SHOULDER TO .001 OF
AN INCH

COlI4UNI CATIONS

1. Reading blueprint to determine:

/Ia. Size and characteristics of the workpiece
Ab. Type of operation
c. Finish and accuracy required

* d. Number of parts to be machined
e. Kind of material

MEASUREMENT

1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with an outside caliper to determing size.

* 3. Measuring stock with a micrometer to determine size.

* 4. Measuring stock with a vernier caliper to determine size,

MATHEMATICS

0 1. Determining fractional and decimal equivalents from chart.

2. Computing fractional equivalents of decimals:,

3. Computing decimal equivalents of fractions.

0 4. Computing automatic feed for various metals.

0 5. Computing cutting Speeds for various metals.



18

A 6, Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensionsb. Adding fractions to determine exact dimensions.c. Subtracting fractions to determine exact dimensionsd. Dividing fractions to determine exact dimensions
* 7, Applying knowledge of decimals:

a. Adding decimals to determine exact dimensionsb. Subtracting decimals to determine exact dimensionsc. Multiplying- decimals to determine exact dimensions
d. Dividing decimally to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties of the machinabilityof various metals.
0 2. Explaining gear and pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

1. Laying out stock with a.

A a. Square
A b. Rule or scale
* c. Center head
* d. Hemaphrodite calipers* e. Surface gauge..
A E. Dividers

g. Scriber
A h. Center punch

0 !a.

Cutting stock to length with:
a. Hand saw
be Power hack saw
c. Power band saw

MoWiting:

at), Chuck
b. Collet
c. lace plate, in-on lathe
d. Between centers

0 4. Cleaning machine with :cloth and -,.brush to obtain accurateset up , t '
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0 5. Aligning lathe centers to produce an accurate cut.

0 6. Applying lubricant to the dead center on the lathe.

0 T. Mounting stock on the lathe with:

a. Chuck 3 jaw, 4 jaw
b. Collet
c. Pace plate
d. Between centers

0 8. Mounting turning tool in holder in tool post and adjust
point.

0 9. Adjusting controls to obtain proper spindle speed.

0 10. Adjusting controls, to obtain proper feed.

0 11. Setting depth of cut for roughing cut.

0 12. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

13. Operating lathe to produce a shoulder to .001 of an inch.

0 14. Setting depth of cut for finished cut..

A 15. Removing work from holding devices.

A 16. Removing burrs from finished work with:

a. File .

b. Abrasive cloth

INFORMATION

11. Selecting appropriate layout tool for the task.

* 2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting method of holding stock to be machined;

a. Chuck 3 jaw, 4 jaw
b. Collet
c. Face plate
d. Between centers

0 4. Protecting 17-Ways with wood when mounting chucks.

0 5. Selecting proper turning tool for the job.

0.6.'Selecting methods of holding cutting tool.

0 7. Selecting (from chart) correct 'cutting speeds for various
metals.
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9 8. Selecting direction of cut.

0 9. Removing and. disposing of chips to 'keep work 'area clear
and free from danger.

10. Practicing proper safety precautions when operating a.
lathe:

* a, Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments aftet machine has stopped
* e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

0 11. Selecting proper cutting fluids fot various metals.

0 12. Selecting proper ldbricent for the dead center on the lathe.

A 13. Selecting proper type of file.

A 14. Selecting abrasive cloth for removing burrs.

TASK 5: DRILLING STOCK ON LATHE. TO PRODUCE A HOLE TO .005 OF AN
INCH

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiec3
A b. Type of operation
A c, Finidh-and accuracy required.
* d. NuMber of parts to be machined
A e. Kind of material

MEASUREMENT.
1. Reading 4raddetions on tail stock to determine depth

of hole.

MATHEMATICS

0 1. Determining fractional and decimal equivalents from chart.

0 2. Computing fractional equivalents of decimals.

0 3. COMputing decimal egivivelents of Erections.

0.4. CompUting cutting speeds for various metal's.

a

'OA
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A 5. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to deterMirie exact dimensions

* 6 Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. ;Multiplying dv.ptmls to determine exact dimensions

DiViding deciMalbto determine exact dimensions

WjENCE

4 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear and pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKILLS

1. Laying out stock with a:

4 a. Square
AA:), -Rule or scale
* c. Center. 'head
* d. Hemaphrodite calipers
* e. Surface gauge
A f. Dividers
A g. Scriber
4 h. Center punch

* 2. Cutting stock to length 'with:

A. Hand sag"
?We; bads Ow

e4-Pewer baI maw_

0..1 Mounting:

a. Chuck
b. Collet

1 Pace prate in-on lathe

0 4. Clearing ma i

-4$,"h4tf: 440

.
'4.46,14.4 11., me:sl,tz,

t .`
A 14

Ain accurate

rdw

t3L

1
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0 5. Mounting stock on the lathe with:

a, Chuck 3 jaw/ 4 jaw
b. Collet
'c. Face plate

6. Mounting drill in:

a. Tail stock-tapered shank
*. b. Drill chuck-straight shank

0 7. Adjusting controls to obtain proper spindle speed.

0 8. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

9. Operating lathe to produce a hole to .005 of an inch.

A 10. Removing work from holding devices.

* 110 Removing burrs from work with an old drill.

INFORMATION

A 1. Selecting appropriate layout tool for the task.

2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting method of holding stock to be machined:

a. Chuck 3 j aw, 4 jaw
b. Collet
c. Face plate

0 4. Protecting 37-Ways with wood when mounting Chudks.-

5. Selecting proper drill for the job.

* 6. Selecting methods of holding drill.

0 7. Selecting (from chart) correct cutting speeds for various
metals.

0 8. Removing and disposiffq of chips to keep work area clear
and free from danger.

9. Practicing proper safety precautions when operating a lathe:

* a. Wearing goggles or face Shield
* 'b. Wearing apprOpriats'apparel
0 c,49moving_all tools before starting machine
0 d. Making adj4Amens after machine has .'stopped
* e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place



23

0 10. Selecting proper cutting fluids for various metals.

TASK 6: REAMING STOCK ON LATHE TO PRODUCE A FINISHED HOLE TO .001
OF AN INCH

SMUMNIMIMA
1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
A c. Finial and accuracy required
* d. NuMber of parts to be machined
A e. Kind of material

MEASUREMENT

1. Measuring stock with an inside micrometer to determine size.

0 2. Measuring stock with a plug gauge to determine size.

0 3. Reading graduations on tail stack to 'determine depth of hole.

MATHEMATIC

0 1. Determining fractional and decimal equivalents from charts.

0 2. Computing fractional equivalents of decimals.

0 3. Computing decimal equivalents of fractions.

A 4. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions todetpFmine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimenions

4pAying knowledge of decimals!

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
C. MUltiplyipa decimals .to determine exact dimensions
d. Dividing decimals to deterMine exact diMensions

SCXENCE

0 1464m104104mits 01Y4eP
various metals.-

ells of the machinability of
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0 2. Eiplaining gear and pulley drive ratios.

0 3. Explaining heat transfer as it relates to *coolants.

SKULLS,

0 1. Mounting:

a. Chudk
b. Collet
c. Face plate, in-on lathe

0 2. Cleaning machine with cloth and brush to obtain accurate
set up.

0 3. Mounting stock on the lathe with:

a. Chuck, 3 jaw, 4 jaw
b. Collet
c. Face plate

Mounting reamer in:

a. Tail stock-tapered Shank
* b. Drill chuck- straight. shank

0 5. ANusting controls to obtain proper spindle speed.

6. Operating lathe to produce a finished hole.

46.7. Removing work from holding devices.

* 8. Removing burrs from work with old drill.

INFORMATION

0 1. Selecting method of holding stock to be machined:

a. cock 3 Jaw, 4 Jaw
b. d0110
c. Face plate

0 2. Protecting V-Ways with wood when mounting chucks.,
* 3 Selecting proper reamer for the job.

4. SalectiAg nrthOds of bolding reamer.

5. Practicing proper safety precautions when operating a lathe:

.1111 la. Wearing goggles or face shield
,J.R..V0PrAngi a rel
0-6. iteinovirit rt-ing machine
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0 d. Making adjustments after machine has stopped
* e. Using only cutting tools Which have been adequately

sharpened
0 f. Maintaining all safety guards,in place

0 6. Selecting proper cutting fluids for various metals.

TASK 7: BORING STOCK ON LATHE TO PRODUCE AN ENLARGED HOLE TO .001
OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
A c. Finish and accuracy required
* d. Number of parts to be machined
A e. Kind of material

MEASUREYZNT

4 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with an inside caliper to determine size.

* 3. Measuring stock with an inside micrometer to determine size.

* 4. Measuring stock with a vernier caliper to determine size.

0 1. Determining fractional and decimal equivalents from charts.

0 2. Computing fractional equivalents of decimals.

0 3. Computing decimal equivalents of fractions.

0 4, Computing automatic feed for various metals.

0 5. Computing cutting speeds for yarious.metals.

A 6. Applying knowledge. of fractional parts of an inch:

,ue MaltirariPg=fraqUOns to determine exact dimensions
b. Adding fractions to determine exact dimentions
c. Subtracting fractions, to exact dimensions
d. Dividing fractiohs todetermine exact dimensions
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* 7., Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. SUbtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d.. Dividing decimals to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear and pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKELLS

0 1. Mounting:

a. Chuck
b. Face Plate

(in -on lathe)

0 2. Cleaning machine with cloth and brush to obtain accurate
set up.

0 3. Mounting-stock on the -4athe with:

a. Chuck 3 jaw, 4 jaw
b. Face plate

0 4. Mounting boring tool in holder in tool post and adjust
point..

0 5. Adjusting controls to obtain proper spindle spee

0 6. Adjusting controls to obtain,proper feed.
4 4

0 7. Setting depth of cut for roughing out.

0 8. Applying cutting fluids to lubricate cutting action and
reduce cutting'temperature

9. Operating lathe :'to produce an enlarged hol.

Setting dept.h ofvOut fbr finished cut.0 10.

A emottrigbukts-lid ftiitilliedowcirk'ikith an abiasive cloth.
r 'A's

- ;`.
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MOFtMATION

0 1. Selecting method of holding stock to be machined:

a. Chuck 3 jaw, 4 jaw
b. Face plate

0 2. Protecting V-Ways with wood when mounting chucks.

0 3. Selecting proper boring tool for the job.

0 4. Selecting methods of holding boring tool.

0 5. Selecting (from chart) correct cutting speeds for various
metals.

0 6. Selecting direction of cut.

0 7. Removing and disposing of chips to keep work area clear
and free from danger.

S. Practicing proper safety precautions when operating a
lathe:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 C. Remcving all tools before starting machine
0 d. Making adjustments after machine has stopped
* e.' Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

0 9. Selecting proper cutting fluids for various metals.

A 10. Selecting abrasive cloth for removing burrs.

TASK El: COUNTER13ORING STOCK ON LATHE TO PRODUCE A RECESSED HOLE
TO .005 OF AN INCH

1. Reading blueprint to determine:

A a.. Size and characteristics of the workpiece
A b. Type of operation

Finish and accuracy required
* .d. Number of parts to be machined
o e. Kind of material
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MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.

MATHEMATICS

0 1. Determining fractional and decimal equivalents from charts.

0 2. Computing fractional equivalents of decimals.

0 3. Computing decimal equivalents of fractions.

0 4..Computing automatic feed for various metals.

0 5. Computing cutting speeds for various metals.

A 6. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 7. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. %Subtracting decimals to determine exact dimensions
C. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties: of the machinability
Of various metals.

0 2. Explaining gear and pulley drive ratios.

0 3. Lii;ijaining:heat' transfer as it relates ,to coolants.

SPILLS,

0 1. Mounting:

a. Chuck
b. Pace plate, in-on lathe.

0 2. Cleaning machineiw,Wh.cloth and brush, to obtain accurate
set up.
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0 3. Mounting stock on the lathe with:

a. Chuck 3 jaw, 4 jaw
b. Face plate

4. Mounting:

a. Counterboring tool in tail stock
b. Boring bar in tool bolder

0 5.. Adjusting controls to obtain proper spindle speed.

0 6. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

7. Operating lathe to produce a recessed hole.

A 8. Removing work from holding devices.

A 9. Removing burrs from finished work with an abrasive cloth.

INFORMATION

A 1. Selecting appropriate layout tool for the task.

* 2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting method of holding stock to be machined:

a. Chuck 3 jaw, 4 jaw
b. Face plate

0 4. Protecting It-Ways with wood when mounting chucks,

0 5. Selecting proper counterboring tool for the job.

0 6. Selecting methods of holding cutting tool.

0 7. Removing and disposing of chips to keep work area clear
and free from danger.

r.

O. Practicing proper safety precautions when operating a
'lathe:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. MAking adjustments after machine has stopped

e. Using only .cutting tools which have been adequately
Sharpened

0 f. Maintaining all safety guards in %place

0 9. Selecting proper cutting fluids for various metals.
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A 10. Selecting abrasive cloth for removing burrs.

V

TASK 9: PARTING STOCK ON LATHE TO PRODUCE A PIECE WITHIN 1/32OF AN INCH IN LENGTH

ROMMIGAMERI

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
A c. Finish and accuracy required
* d. Number of parts to be machined
A e. Kind of material

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with outside caliper to determine size.

HATHEMAT/0

0 1. Determining fractional and deL nal equivalents from charts.

0 2. Computing fractional equivalents of decimals.

0 3. Computing decimal equivalents of fractions.

0 4. Computing automatic feed for various metals.

0 5. Computing cutting speeds for various metals.

A-14 ?Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

7. Applyingknowledge of decimals:

Adding decimals to determine exact dimensions
SU!)tractiq4 decimals 6!) determine exact dimensions

c. Muttiplying decimals o determine exact dimensions

cl...trtPridirlq-4603nalls np_ exact dimensions
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NM=
0 1. Explaining the physical properties of the machinability

of various metals.

20 Explaining gear and pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

MULL&

1. Laying out stock with a:

4 ae Square
Al b. Rule or scale
* c. Center head
* d. Hemaphrodite calipers
* e. Surface gauge
A f. Dividers

g. Scriber
A h. Center punch

* 2. Cutting stock to length with:

a. Hand saw
b. Power hack saw
c. Power band saw

0 3. Mounting:

a. Chuck
b. Collet, in-on lathe

0 4. Cleaning machine with cloth and brush to obtain accurate
set up.

0 5. Mounting stock on the lathe wtth:

a. Chuck 3 jaw, 4 jaw
b. Collet

0 6. Mounting parting tool in holder in tool post and adjust
point;,

0 7 . Adjusting controls to obtain proper spindle speed.

0 8. Adjusting control to obtain proper feed.

0 9. Applying cutting fluids to 1Uhricate cutting action and
reduce cutting temperature.'

stating.latile"to 1/32 of an inch
,

It length
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A 11. Removing work from holding devices.

A 12. Removing burrs from finished work with:

a. Pile
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tool for the task.

* 2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting method of holding stock to be machined;

a. Chuck 3 jaw, 4 jaw
b. Collet

0 4. Protecting V -Ways with wood when mounting chucks.

0 5. Selecting proper parting tool for the job.

0 6. Selecting methods of holding cutting tool.

0 7. Selecting (from chart) correct cutting speeds for
metal s .

0 8. Removing and disposing of chips to keep work area
and free from danger.

9. Practicing proper safety precautions when operating a
lathe:

various

clear

* a. Wearing goggles or face shield
* b. Wearing, appropriate apparel
0 C. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools which have been adequately

Sharpened
0 f. Maintaining all safety guards in place

0 10. Selecting proper cutting fluids for various metals.

U. Selecting proper type of file.

A 12. Selecting abrasive cloth for removing burrs.

TASK NWKING, R: ON AfliE TO PRO; CE NECKED SHAPE TO 1/32
or AN nkt
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COMMUNICATIONA

1. Reading blueprint to determine:

A a, Size and characteristics of the workpiece
A b. Type of operation
A c. Finish and accuracy required.
* d. NUmber of parts to be machined
A e. Kind of material

1186011nEME

A 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with an outside caliper to determine size.

/4ATIMMATICS

0 1. Determining fractional and decimal equivalents from charts.

0 2. Computing fractional equivalents of decimals.

0 3. Computing decimal equivalents of fractions.

0 4. Computing automatic feed for various metals.

0 5. Computing cutting speeds for various metals.

A 6, Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b.-Adding fractions to determine exact dimensions

. c. Subtracting fradtions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 7. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. -Dividing decimals to determine exact dimensions

01. Explaining the:phydicalf.properties ate, the machinability
of various metals.

0 2. Explaining gear and pulley drive ratios.

0'3 ExplaintitAleAtEttitinistertalt It retabeielmcoolants._
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0 4. Explaining the heat generated on the dead .center. on. thelathe.

SKILLS

1. Laying out stock with a:
A a. Square
A b. Rule or scale
* c. Center head

d. Hemaphrodite calipers
* e. Surface gauge
A' f Dividers.
A g. Scriber
A h. Center punch

* 2. Cutting stock to length with:
a, Hand saw
b. Power hack saw
c. Power band saw

0 3. 'Mounting:

a. Chuck
b. Collet
c. Pace plate
d. Between centers, in-on lathe

0 4. Cleaning machine .with cloth aneLbriush to obtain accurateset Up.

0'5. Applying .lubricant to the dead-center on the lathe.
0'6- 'MoUnting stock on the lathe with:

a. Chuck 3 jaw,-' 4."jdw tc.:

b. Collet,
..Faide4lettio::-.

d -'Eet .eE ti centers

Mounting' facing tool in holder in tool. post and adjust
point,

0 So Adjusting controls to obtain proper spindle speed,
40 9. S0:ting-depth.of cut for roughing. cut.

Applying cutting fluids to lubricate cutting action
reduce cutting temperatture

and
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13. Removing work from holding devices.

a 14. Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

1. Selecting appropriate layout tool for the task.

* 2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting method of holding stock to be machined;

a. Chuck 3 j awe 4 jaw
b. Collet
c. Pace plate
d. Between centers

0 4. Protecting V-Tolis with wood when mounting chucks.

6. Selecting proper necking tool for the job.

0 6. Selecting methods of holding cutting tools.

0 7. Selecting (from charts) correct cutting speeds for various
metals.

0 8. Removing and disposing of chips to keep work area clear
and free from danger.

9. Practicing proper serfety precautions when operating a
lathe:

* a Wearing goggles or face shield
*bo Wearing appropriate apparel
0 c. Removing all tools before starting machine
6 Making adjustments after machine has stopped

*e. Using only cutting tools which have been adequately
sharpened

0 E. Maintaining all safety guards in place

0 10. Selecting proper cutting fluids for various metals.

0 11 Se1ecting proper lubricant for dead center on the lathe.

Selecting proper

Selecting abrasive cloth for removing burrs.
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TASK 11: FILING STOCK -ON LATHE TO PRODUCE A FINISHED SURFACE

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
A c. Finish and accuracy required
* d. Number of parts to be machined
A e. Kind of material

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with a micrometer to-determine size.

* 3. Measuring stock with a vernier caliper to determine size.

MATHEMATICS

0 1. Determining fractional and decimal equivalents from chart.

0 2. Computing fr#ctional equivalents of decimals.

0 3. Computing decimal equivalents offractions.

0 4. Computing automatic feed for various metals.

0 5. Computing cutting speeds for various metals.

A 6.'Applylng knowledge of fractional parts of an inch:

*

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

Arcaying knowledge of decimals:,

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals,to, determine exact dimensions
d. Dividing decimals to determine exact dimensions

4

SCIENCE ,

1. Explaining the physical properties of the machinability of
various metals
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0 2. Explaining gear and pulley drive ratios..

0 3. Explaining heat transfer as.it relates to coolants.

4; Explaining. the heat generated on the dead center on the
lathe.

SKILLS

0 1. Mounting:

'1.

a. Chuck
b. Collet
c. Face plate
d. Between centers, in-on lathe

.0 2. Cleaning machine with cloth and brush to obtain accurate
set up.

0 3. Mounting stock on the lathe with:.

a. Muck 3 jaw, 4 jaw
b. Collet
c. Face plate
d. Between centers

0 4. Adjusting controls to obtain proper spindle speed.

5, Operating lathe to produce a finidhed surface.

6- Removing work from holding devices.

Removing burrs from finished .work{ with:

a. File
b. Abrasive cloth

INFORMATION

Rcting method of holding, stack to be machined:

4i,.,jaw
, Collet
c Face plate

'7Between centers:

-#Htt-P,3;nte0-ting yriTqa,y0.1.0.tvt wood when,.,*ounOtng,chucks.

electing-,4ip.ection of cut.-
r precautiOni ,when operating a
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* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0.1c, Removing all tools before starting machine
d. Making adjustmente after machine has stopped

* 'e. Using only cutting tools which have been adequately
sharpened

0 f. Maintaining all safety guards in place

A 5. Selecting proper type of file.

A 6. Selecting abrasive -Cloth for removing burrs.

TASK 12: MACHINING STOCK ON SHAPER TO PRODUCE A FLAT SURFACE
.

COMMUNICATIONS

1. Reading blueprint to determine:

A a,
Lb.
Ac,
* d.
A e.

MMALE,MUOCMWr

1. Measuring stock with a rule or scale to determine length.

2. Reading graduations on cross feed screw to determine depth
of cut.

Size and characteribtics of the workpiece
Type of operation
Finish and accuracy required
Number of parts
Kind of material

MATHEMATICg

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

2. Applying knowledge of decimals:'

:'Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact
C4 Mui.tiplying dacibals to determine exact
d. Dividing decimals to determine exact dim

t 4 ,,1 EynN,t ,t "

dimensions
dimensions
ensions

. . . .. .
. .. . , . , ..

'.
. .

.

.. ;
. .

.

.
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-3. Computing ram 0000.andlIeed of_dhaper-according to size
and type of material being machined.

SCIENCE

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining heat tfansfer as it relates to coolants.

SKILLS

1. '14,0ying out stock with at

A a. Square
b. Rule or scale

* c. Surface gauge
d. Dividers
e. Scriber

Cuiting stock to length with:

a. Hand saw
b. Power hack saw
c Power :band u saw

0 3. Cleaning machine with cloth and brush to obtain accurate
set up.

A4. Mounting stock on shaper with:

a. Clamps
b. Vlse

0 5. Mounting cutting tool in tool holder.

6 Adjusting position of ram according to size of material
beimg machined.

7. Adjusting length of the stroke of ram.

8. Adjusting controls to obtain proper ram speed and feed of
Shaper according to 'size and type of material being mach-
ined.

0 9. Aligning cutting tool with stock to be machined.

0 10. Setting depth of cut for roughing cut.

11, Operating dha r to produce a flat surface.
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0 12. Setting depth of cut for finished cut.

A 13. Removing work from holding devices.

_A14. Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appmpriate layout tools for the task.

* 2. Selecting appropriate hacksaw blades for the task.

A 3. Selecting proper method of mounting work:

a. Vise
b. Clamps

0 4. Selecting proper cutting tool for the operation.

0 5. Removing and disposing of chips to keep wrk area clear
and free from danger.

6. Practicing proper safety precautions when operating a
dhaper:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

A 7. Selecting proper type of file.

A 8. Selecting abrasive cloth for removing burrs.

TASK 13: MACHINING STOCK ON SHAPER TOTRODUCE TWO PARALLEL SURFACES
TO .005 OF AN INCH

COMMUNICATIONS

1.. Reading blueprint to determine:

ize and charact the workpiece

11119EUMMINUNNIMINIMEMME111111.0110.1.160111111iNINIMMENOMMIERMrAliaMINIMMIWIINNIMMIMINNEMILIMENOMmummoisormosammown.....,,,,.,
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A b. Type of oration
,

A c. Finidh and accuracy required
* d. .Number. of parts

MEASUREMEAT

0 1.Reading graduations on cross feed screw to determine
depth of cut.

* 2. Measuring stock with a micrometer to determine size.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
4. Dividing decimals to determine exact dimensions

SCIENCE

0 1. Explainipg the physical properties of the machinability
Of various metald.

0 2. Explaining heat transfer as it relates to coolants.

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
* co Surface gauge
A di, Dividers
A e. Scriber

0 2. Cleaning machine with cloth and brush to obtain accurate
set up.

3. Moo4Fiting stock on shaper with:A

a. Clamps
13-, Vise,
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0 4. Mounting cutting tool in tool holder.

0 5. Aligning cutting tool with stock to be machined.

0 6. Setting depth of cut for roughing cut.

7. Operating shaper to produce two parallel surfaces to
.001 of an inch.

0 8. Setting depth of cut for finished cut.

A 9. Removing work from holding devices.

A 10. Removing burrs from finished work with:

a. 111e
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for the task.

0 2. Removing and disposing of chips to keep work area clear
and dree from danger.

Practicing proper safety precautions when operating a
shaper:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine

*
d. Making adjustments after machine has stopped
e. Using only cutting tools which have been adequately

Sharpened
0 f. Maintaining all safety guards in place

A 4. Selecting proper type of file.

A 5. Selecting abrasive cloth for removing burrs.

TASK 14: DRILLING STOCK ON DRILL PRESS TO PRODUCE A HOLE TO .005OF AN INCH

COMMUNICATIONg

1. Reading blueprints to determine:

a. Size 'and charactristics of part* b. Size land depth of hole

cas 111,1all
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* co Number of parts to be drilled
A d. Accuracy required

MEASUREMENT

1. Measuring stock with a rule or scale to determine length.

WHEMATICS

4 1. Determining decimal equivalent of fractions from charts.

0 2. Computing decimal equivalents of fractions.

A 3. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing-fractions to determine exact dimensions

* 4. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SCIENCE

0 1. Explaining the physiCal properties of the machinability
of vrious metals.

0 2. Explaining pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKILLS

1. Cutting stock to length with:

a. Hand saw
b. Power hack saw
c. Power "hand saw

2. Laying out stock with a:

A a. Square
A b., Rule or scale
* c. Center. head
* 43,4,1 ' Hanaphiodite calipers
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* e. Surface gauge
A f. Dividers
A g. Scriber
A h. Center punch

3. Mounting (driving) drill in spindle of drill press:

a. Straight
b. Taper shank

0 4. Adjusting controls to obtain proper spindle speed for
machining.

5. Mounting holding device on drill press table:

A a. Vise
0 b. Vee block
A c. Clamps
0 d. Angle plate
0 e. Jigs & fixtures

0 6. Cleaning machine with cloth and brush to obtain accurate
set up.

7. Mounting work in holding devices:

A a. Vise
0 b Vee block
A c. Clamps
0 d. Angle plate
0 e. Jigs & fixtures

0 8. Adjusting depth.stop for specific hole depth.

9. Positioning stop blocks for multiple drilling of parts.

4'10. Centering work with respect to the spindle.

* 11. Aligning center punch mark with drill.

12. Operating drill press to produce hole.

0 13. 'Applying cutting fluids to lUbricate cutting action and
reduce cutting tempera/412re,

A 14, Removing work from holding devices.

A 15. Removing burrs from finished work with:,

a. Old drill
A b. Abrasive cloth
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141013WM
1. Selecting appropriate hacksaw blades for the task.

2. Selecting appropriate layout tools for the task.

3. Selecting proper drill according to specifications:

a. Material being, machined
b. Fractional
c. Letter
d. Number

4. Selecting (from dharts) Proper speeds for various
materials.

5. Selecting method for holding stock to be machined:

A a. Vises
0 b. Vee blocks
A n. Clamps
0 d. Angle plates
0 e. Jigs & fixtures

0 6. Aligning work to prevent drilling into holding devices.

7. Practicing proper safety precautions when operating a
a drill press:

* a. Wearing goggles or face dhield.
* b. Wearing appropriate apparel.
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine bas stopped
* e. Using only cutting tools which have been adequate-

ly sharpened.
0 f. Maintaining all, safety guards in place.

0 8. Removing and disposing of chips to keep work area clear
and free from danger.

0 9. Selecting proper cutting fluids for various metals.

10. Adjusting table for angular hole drilling.

A 11. Selecting abrasive cloth for removing burrs,



46

TASK 15: REAMING I HOLE ON DRILL PRESS TO PRODUCE A FINISHED HOLETO .001 OF AN INCH

COMMUNICATIONS

1. Reading blueprints, to determine:

A a. Size and characteristics of part
4 b. Size and depth.of hole
* c. Number of parti to be reamed
4'd. Accuracy required

MEASUREMENT

1. Measuring inside. diameter of hole with:

* a. Inside micrometer
0 b. Plug gauge
c. Telescope gauge.

MATHEMATICS

0 1. Determining decimal and fractional equivalents from charts.

0=2, Computing decimal eqpivalents of fractions.

0 3. Computing fractional equivalents of decimals.

A 4. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adddng fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties of the macbinability
of various, metals.

0 2. Explaining puller driVe ra ion.
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0 3. Explaining .heat transfer as it relates to coolants.

.SKILLS

1. Mounting reamer in spindle of drill press:

* a. Straight
b. Taper shank

0 :. 2. Adjusting controls to obtain proper spindle speed for
reaming.

0 3. Cleaning machine with cloth and brush to obtain accurate
set up.

0 4. Adjusting depth stop for specific hole depth.

5. Operating drill press to produce finished hole to .001
of an inch.

0 6. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

a 7. Removing work from holding devices.

8, Removing burrs from finidhed work with:

a. Old drill
A b. Abrasive cloth

INFORMATION

* 1. Selecting proper reamer according to specifications.

0 2. Selecting (from charts) proper speeds for various mater-

3. Practicing proper safety precautions when operating a
drill press:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools whidh have been adequately

,eharpened
f. Maintaining all safety guards in place

0 4. Removing and disposing of chips to deep work area clear
and free fram danger.

5. Selecting proper cutting fluids for various metals.

6. Selecting abrOksiva cl?th for removing burrs:

iiiiIMUMMINIMMUNIIMEMINOMMIN.111011M1111111111161101111110140.111..11.-
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TASK 16: SPOT FACING A. HOLE ON DRILL PRESS TO PRODUCE A FINISHED
SURFACE TO .005 OF AN INCH

COMMUNICATIONS

1. Reading blueprints to determine:

A a. Size and characteristics of part
b. Size and depth

* c. Number of parts to be spot faced

MEASUREMENT

* 1. Measuring stock with a micrometer to determine size.

MATHEMATICS

0 1. Determining decimal and fractional equivalents from charts.

0 2. Computing decimal equivalents of fractions.

A 3. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining pulley drive ratios:

0 3. Explaining heat transfer as it relates to coolants.

ELLS
1. Mounting spotfacing tool in spindle of drill press.

1
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0 2. Adjusting controls to obtain proper spindle.speed for
spot facing.

0 3. Cleaning machine with cloth and brush to obtain accurateset up.
0 4. Adjusting depth stop for specific spot face dimension.

0 5. Centering work with respect to the spindle.

6. Operating drill press to produce a finished surface to
.005 of an inch.

0 7. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

A 8. Removing work from holding devices.

9. Removing burrs from finished Work with:

* a. Old drill
A b. Abrasive cloth
4 c. File

INFORMATION

1. Selecting- proper spot facing tool.

2. Selecting (from dhakts)
= proper speeds for various mater-

ials.

Practicing proper safety precautions when operating a
drill press:

a. Wearing goggles or face dhield
* b. Wearing appropriate apparel
0-c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped

e. Using only cutting tools which have been adequately
sharpened

0 f. Maintaining all*safety guards in place

lItemoiving and disposing of chips` to keep work area clear
and free from danger.

0 5. Selecting proper cutting fluids for various metals.

4 6. Selecting abrasive cloth for removing 'burrs.

A 7. Selecting fiie for removing burrs.
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TASK 17: COUNTERSZNKING.ON DRILL- PRESS TO PRODUCE-A, FASTENER
RECEIVER HOLE

COMMUNICATIONS

1. Reading blueprints to determine:

A a. Size and characteristics of part
b. Size and depth

* c. Number of parts to, be countersunk
A d. Accuracy required

=NE
0 1. Explaining the physical properties of the machinability

of various metals.

0 2. Explaining pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKILLS

1. Mounting countersinking tool in spindle of drill press.

2. Adjusting controls to obtain proper spindle speed for
madhining.

0 3. Cleaning machine with cloth and brush to obtain accurate
set up.

0 4. Adjusting depth stop for specific hole depth.

5. Operating drill press to produce a fastener receiver hole.

6. Checking depth of countersink with. fastener.

0 7, Applying cutting fluids to lUbricate cutting action and
reduce cutting temperature.

A 8. .RerrloVing work from holding devices.

9. Ratio lying burrs from finished. work with:

* a. Old, drill.
A b. Abrasive cloth



Selecting proper countersinking tool for the task.
Selecting (from charts) proper speeds for various mater-
ials.

,Practicing proper
drill press:

safety precautions when operating a

a.
b.
c.
d.

* e.

0

Wearing goggles or face shield
Wearing appropriate apparel
Removing all tools before starting machine
Making adjustments after machine has stopped
Using only, cutting tools which have been adequately
sharpened

f. Maintaining all safety guards in place

4. Removing and disposing of chips to keep work area Clear
and free from danger

5. Selecting proper cutting fluids for various metals.

A 6. Selecting abrasive cloth for removing burrs.

TASK 18: COUNTERBORING A HOLE ON DRILL PRESS TO PRODUCE AN ENLARGED
HOLE TO .005 OF AN INCH

COMMUNICATIONS

1 Reading blueprints to determine:

4 a. Size and characteristics of part
b. Size and depth of hole

* c. Number of parts to be counterbored
A d. Accuracy required

MEASUREMENT

* 1. Measuring stock with vernier caliper to determine size.

MATHEMATICS

1. Determining decimal and fractional equivalents from charts.

0 2 Computing decimal equivalents of fractions.

fractional parts of an inch:
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1

a, Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions

.

c. SUbtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 4. Applying knowledge of decimals:

a. Adding decimals to determine" exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

0 1. Explaining the physical properties of the machinability
of various metals.

Explaining pulley drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKILLS

I. Mounting counterboring tool in spindle of drill press.

0 2. Adjusting controls to obtain proper spindle speed for
madhining.

0 3. Cleaning machine with cloth and brushes to obtain accurate
set up.

0 4 Adjusting depth stop for specific hole depth.

Operating drill press to produce an enlarged hole to. .005
of an inch.

0 6. ,Applying cutting fluids to lubricate cutting action and
reduce cutting temperature

A 7. Removing work from holding devices.

8. Removing burrs from finished viork with:

* a Old drill
4 b. Abrasive cloth

INFORMATION

1. Selecting proper counterboring tool for the task.

Selecting (from charts) proper speeds for various mater-
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Practicing proper safety precautions when operating a
drill press:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools have been adevately.

.dharpened
0 f. Maintaining all safety guards in place

0 4. Removing and disposing of chips to keep work area clear
and free from danger.

0 5. Selecting proper cutting fluids for various metals.

6. Selecting abrasive cloth for removing burrs.

TASK 19: GRINDING STOCK ON BENCH GRINDER. TO REMOVE EXCESS METAL

COMMUNICATIONS

1. Reading blueprints, to determine:

a. Surfaces to be ground
A b. Dimensions
A c. Type finish required

MEASUREMENT

1. Measuring

* 2. Measuring
size.

Measuring

SCIENCE

stock with

stock with

stock With

vernier

outside

outside

:,

calipers to determine size.

calipers to detemine

micrometer to determine size.

0 1 Explaining the physical properties of the machinability
of various metals.

SKILL4

Operating ,a grinder to kemove excess metal



Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

0 1. Selecting proper grinding wheel appropriate for finish
called for from working drawing.

A 2. Selecting abrasive cloth for removing burrs.

3. Practicing proper safety precautions when operating Shaper:

* a Wearing goggles or face shield
* = b. Wearing appropriate apparel

c. Removing all tools before starting machine
d.. Making adjustmens after machine has stopped

* e. Using only cutting tools whick have been adequately
sharpened

f. Maintaining all safety guards in place

TASK 20: GRINDING TOOLS ON BENCH GRINDER To SHARPEN

COMMUNICATIONS

1. Reading working drawing, blueprint, or text to determine
angles tools are to be sharpened to.

MEASUREMENT

1 Checking drill angles with a drill gauge.

Checking angle of center, punch with center gauge.

S

ts,

MATHEMATIC

0 1. Applying knowledge of angles.

1. Grinding scriber to correct point,
2. Mounting: drill,i*ndrill

3., grinding :c'rill bits to specified angles and clearances.



4. Grinding lathe tools on grinder to correct angles and
clearances.

Grinding various shaped chisels on a grinder to correct
Angles.

Grinding center punch to correct angle.

INFORMATION

1. Applying knowledge of cutting angles for specific mater-
ials.

TASK 21: GRINDING STOCK. ON SURFACE GRINDER TO PRODUCE A FLAT SURFACE

COMMUNICATIONS

1. Reading blueprint to determine:

a a. Size and characteristics of the workpiece
A .b. Type of operation
A c. Finish and accuracy required
* d. Number of parts
A e. Kind. of material

MEASUREMENT

0 1. Reading graduation on vertical adjustment, hand wheel.

MATHEMATICS

* 1. Applying knowledge of decimals:

a. Adding, decimals 'to determine ,exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine: exact dimensions
d. Dividing decimals to determine sexact dimensions

StIENCE

0 1. r,xplaining the physical properties of the machinability
of:,- metals;

Explaining-heat transfer as it relates to coolants.
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SlaLLS

.

0 1. Testing soundness of Wheel by striking ?slight blow with
a ,hammer,

0 2, Moun.6.114 grinding's.iheel on spindle of surface grinder.

0 3. Truing and dressing a grinding Wheel with a truing f ix-
ture.

4. Mounting work on surface grinder with:

4 a. Vise
4 b. Clamps
0 c. Magnetic surface

0 5, Mounting stock with:

a. Parallels
b. Angle plate
c. Vee block
d. Shims
e. Step block

0 6. Aligning grinding Wheel with work to be ground.

0 7. Setting depth of cut for roughing cut.

8. Operating surface grinder to produce a flat surface.

0 9. Adjusting power cross feed for automatic operation.

10. Applying cutting fluid to lubricate grinding action
and reduce cutting temperature..

0 11. Setting depth of cut for finishing cut.

A 12. Removing work from mounting device.

A 13.-Removing burrs from finished work with:

a. 'File '
b Abrasive 'aioth"

INFORkhTION

I. Selecting 'a grir,ding 'wheel appropriate for task.

2. Selecting method of holding work to be machined:

A a. Vise
4 b. Clamps

0. Magnetic surface
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0 3. Selecting appropriate cutting fluids for grinding.

0 4. Selecting proper longitudinal and cross feeds for grinder.

5. Practicing proper safety precautions when operating asurface grinder:
* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stoppede. Using only grinding wheels which have been trued

and dressed
0 f. Maintaining all safety guards in place

A 6. Selecting proper type of file.

TASK 22: GRINDING STOCK ON SURFACE GRINDER TO PRODUCE TWO PARALLEL
SURFACES TO .001 OP AN INal

COMMUNICATIONg

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of Operation
A c. Finish and accuracy required
*d *Number of parts .
A e. Kind of material

.
MEASUREMENT

0 1. Reading graduations on vertical adjustment' hand wheel.

* 2. Measuring stock with a micrometer to determine size.

MAVEMATICS

M1

* 1. Applying knowledge of, decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying, decimals to. determine .exact dimensions
d. Dividing decimals to determine exact dimensions



SCIENCIE

0 1. ENTaa.ining the physical properties of the machinability
of various metals._

0 Explaining heat transfer as 'it rekates to coolants.

..SKILL

1. Mounting work on surface grinder 'with:

4 a. Vise
A b. Clamps
0 a. Magnetic surface

0. 2. Mounting stock with:

a. Parallels
b. Angle plate
c. Vee block
d. Shims
e. Step block

0 3. Aligning grinding wheel with work to be ground.

0 4. Setting depth of cut for roughing cut.

5. Operating surface grinder to produce two parallel surfaces
to .001 of an inch,

0 6. Adjusting power cross feed for automatic operation.

0 7. Applying cutting fluid to lubricate grinding action and
reduce cutting temperature.

0 8. Setting depth of cut for finishing cut.

4 9. Removing work from, mounting device.

410. Removing burrs from finished work -with:

a. File
b. Abrasive cloth

INFORMATION

1. Practicing proper safety precautions when operating asurface grinder:
* a. Wearing goggles or face Shield
*, b. Wearing appropriate apparel

c. Removing all tools before starting machine
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0 8. Making adjustments after machine has stopped
* e. Using only grinding wheels which have been trued

and dressed
0 f. Maintaining all safety guards in place

A 2. Selecting proper type of file.

TASK 23: GRINDING STOCK ON SURFACE GRINDER TO PRODUCE TWO PERPEN-
DICULAR SURFACES TO .001 OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

4 a. Size and characteristics of the workpiece
4 b Type of operation
A c. Finish and accuracy .required
* d. Number of parts
A e. Kind of material

MEASUREMENT

0 Reading graduations -on vertical adjustment hand wheel.

* 2. Measuring stock with a micrometer to determine size.

MATHEMATICS

* 1. Applying knowledge of decimals:

i. Adding decimals to determine exact dimensions
b, Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SCIENCE

0 1. Expaaining the physical properties of the machinability
of various tetals.

0 2. Explaining beat transfer as it relates to coolants.,

wheel by striking a light blow with



0 2. Mounting grinding Wheel on spindle of surface grinder.

0 3. Truing and dressing a grinding wheel with a truing fix-
ture.

Mounting work on surface grinder with:

0

4 a. Vise
4 b.. Clamps
0 c. Magnetic surface

Mounting stock with:

a. Parallels
b. Angle plate
C. Vee block
d. 'Shims
e. Step block

0 6. Aligning grinding wheel with work to be ground.

0 7. Setting depth of cut for roughing cut.

8. Operating surface grinder to produce a flat surface.

0 9. Adjusting power cross feed for automatic operaiion,

0 10c. Applying cutting fluid to lubricate grinding action
and reduce cutting temperature.

0 11. Setting depth of cut for finishing cut.

4 12. Removing work from mounting device.

A 13. Removing burrs from finished work with:

a. Pile
b.''Abrasive 'cloth

INFORMATION

t 1. Selecting a grinding wheel appropriate for task.

Selecting method of bolding work to `be michined:

A a. Vise
4 b. Clamps
0 c. Magnetic surface

0 3. Selecting appropriate cutting fluids for grinding.

0 4. Selecting proper longitudinal and cross feeds for grinder.
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Practicing proper safety precautions when operating a
surface grinder:

* a. Waring goggles or face shield
* b. Wearing appropriate apparel
d c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only grinding wheels whibh have been trued

and dressed
0 f. Maintaintng all safety guards in place

6. Selecting proper type of file.

TASK 24: GRINDING STOCK ON SURFACE GRINDER TO PRODUCE AN ANGULAR
SURFACE

COMMUNICATIONS

1. Reading blueprint to determine:

4 a. Size and characteristics of the workpiece
4 b. Type of operation

c. Finish and accuracy required
*. d. Number of parts
A e. Kind of material

MEASUREMENT

t 1. Reading graduations on vertical

0 2. Measuring angular surfaces with
angle.

MATHEMATICS'

* 1. Applying knowledge of decimals:

adjustment hand wheel,

a sine bar to determine

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact .dimensions
d. Dividing decimals to determine exact dimensions

ces Applying a knawledge of angles.

SCIENCE

th 1. ExPlaining the physical properties of the inachinability
of various metals.
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0 2. Explaining heat transfer as it relates to coolants.

SKILLS

0 1. Testing soundness of wheel by striking a light blow, with'
a hammer.

0 2. Mounting grinding wheel on spindle of surface grinder.

0 3. Truing and dressing a grinding wheel with a truing fix-
ture.

4. Mounting work on surface grinder with:

4 a. Vise
A b. Clamps
c. Magnetic surface

0 5. Mounting stock with:

a. Parallels
b. Angle plate
c. Vee block
d. Shims
e. Step block

0 6. Aligning grinding wheel with work to be ground.

0 7. Setting depth of cut for roughing cut.

8. Operatinc surface grinder to produce a flat surface.

0 9. Adjusting power cross feed for automatic operation.

10. Applying cutting fluid to lubricate grinding action and
reduce cutting temperature.

0 11. Setting depth of cut for finishing cut.

A 12. Removing work from mounting device.

A 13. Removing burrs from finished work with:

a, File
b. Abrasive cloth

INFORMATION

0 1. Selecting a grinding wheel appropriate for task.

2. Selecting method of 'holding work to be machined:



A a, Vise
A b. Clamps
0 c. Magnetic surface
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0 3. Selecting appropriate cutting fluids for grinding.

0 4. Selecting proper longitudinal and cross feeds for grinder.

5. Practicing proper safety precautions when operating a sur-
face grinder:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
e. Using only grinding wheels which have been trued and

dressed
0 f. Maintaining all safety guards in place

A 6. Selecting proper type of file.

TASK 25: MACHINING STOCK ON A HORIZONTAL MILLING MACHINE TO
PRODUCE A FLAT SURFACE

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
Alb. Type of operation
A c, Finish and accuracy required.
* d. Number of parts
A e. Kind of material

MEASUFtEraNT

Measuring stock with a rule or scale to determine length.

MATHEMATICS

Q 1. Aplaying knowledge of fractional parts oE an inch:

0'2. Computing spindle speed and feed according to type of
material being. madhined,
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SCIENCE,

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKILLS

A 1. Laying out stock with a rule and scriber.

* 2. Cutting stock to length with:

a. Hand saw
b. Power hack saw
c. Power band saw

3. Mounting holding devices on milling machine:

aa. Vises
ab. Clamps
0c. Jigs and fixtures

04. Cleaning machine with rag and brush to obtain accurate
set up.

05. Mounting stock with:

a. Parallels
b. Angle plate
c. Shims
d. Step block

06. Mounting cutters, spacing and bearing collars on milling
machine spindle.

07 Adjusting controls to obtain proper speeds for various
cutters and metals to be machined,

08. Adjusting controls to obtain proper feeds for various
cutters andmaterials.

09. Aligning cutter with stock to be machined.

10. Operating a horizontal milling machine to produce a flat
surfade.

0 11. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

A 12. Removing stock from holding devices.

a 13. Removing burrs from finished work with:

a. File
b. Abrasive cloth
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INFORMATION

4 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate backdaw blades for the task.

3. Selecting proper method for holding stock to be machined;

0 a. Jigs and fixtures
4 b. Vise
0 c. Angle plates
4 d. Clamps

0 4. Selecting proper cutter for specific operation:

a. Slab
b. Helical tooth
c. Form relieved
d. Inserted tooth, stagger tooth, side

0 5. Selecting (from charts) proper speeds and feeds for
various cutters and materials.

0 6. Selecting proper feeds for various cutters and materials.

0 7. Selecting direction of cut.

0 8. Removing and disposing of chips to keep work area clear
and, free from danger.

9. Practicing proper safety precautions when operating a
horizontal milling machine:

* a, Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machirie has stopped
* e. Using only cutting tools which have been adequately

dharpened
0 f. Maintaining all safety. guards in place

0 10. Selecting proper cutting fluids for various metals.
A 11, Selecting proper type of file.

12. Selecting abrasive cloth for removing burrs.

'TASK 26: 'MACHINING STOCK ON A HORIZONTAL MILLING MACHINE. TO PRODUCE
PARALLEL SURFACES TO .005 OF AN. INCH



66

COMMUNICATIONS

1. Reading blueprint to determine:

, 6a. Size and characteristics of the workpiece
6 b. Type of operation
4 c. Finish and accuracy required
* d. Number of. parts
A e. Kind of material

MEASUREMENT

4 1. Measuring otock with a

* 2. Measuring stock with a

* 3. Measuring stock with a

0 4. Reading graduations on

rule or scale to determine length.

micrometer to determine size.

vernier caliper to determine size.

vertical feed.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying. deciMals-to determine exact dimensions
d. Dividing decimals to determine exact dimensions

0 3, Computing spindle speed and feed according to type of
material being machined.

0 4.

0 5.

06.

Determining fractional and decimal equivalents from charts.

Computing fractional equivalents of decimals,

Computing decimalequivaltints of frictions.

SCIENCE

4 1. ftplaining the physical properties Of the machinability
of various metalsy
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4 2. Explaining gear drive ratios.
Is 3. Explaining beat transfer as it relates to coolants.

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
* c. Surface gauge and plate
A d. Dividers
4 e. Scriber
' f. Vernier height gauge

Cleaning machine with rag and brush to obtain accurate
set up,

Mounting stick with:
a. Parallels
b. Angle plate
c. Vee block
d. Shims
e. Step block

4 4. Aligning cutter with stock to be machined.

5. Operating horizontal milling machine to produce parallel
surfaces to .005 of an inch.

4 6. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

A 7. Removing stock from holding. devices.

A 8. Removing burrs from finished work with:
a. File
b. Abrasive cloth

,INFORMATIOV

Selecting appropriate layout tools for the task.
0 2. Removing and disposing of chips to keep work area Clear

and free from danger.

3 Practicing proper safety precautions when, operating a
horizontal milling machines



68

* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

A 4. Selecting proper type of file.

A 5. Selecting abrasive cloth for removing burrs.

TASK 27: MACHINING STOCK ON A HORIZONTAL MILLING MACHINE TO PRODUCE
TWO PERPENDICULAR SURFACES TO .001 OF AN INCH

aMMICATIONQ

1. Reading blueprint to determine:

A a. Size and characteristics of the morkpiece
A b. Type of operation
A c. Finidh and accuracy required
* d. Number of parts
A e. Kind of material

MEWIRMENT

A 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with a micrometer to determine size.

* 3. Measuring stock with a. vernier caliper to determine size.

0 4, Reading graduations on vertical feed to determine size.

MATH TICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine" exact dimensions
d. Dividing fractions to determine exact dimensions

* 2, Applying knowledge of decimaic:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions



69

0 3. Computing spindle speed and ,feed according to type of
material being machined.

0 4. Determining fractional and decimal equivalents from charts.

0 5. Computing fractional equivalents of decimals.

0 6. Computing deciMal equivalents of fractions.

=MO
0 1. Explaining the physical properties of the machinabifity

of various metals.

0 2. Explaining gear drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

SKILLS

1. Laying out stodk with a:

A a. Square
A b. Rule or scale
* c. Surface gauge and plate
A d. Dividers
A e. Scriber
Of. Vernier height, gauge

* 2. Cutting stock to length with:

a. Hand saw
b. Power hack saw
c. Power band saw

3* Mounting holding devices on milling machine:

A a. Vises
A b. Clamps
0 c. Jigs and fixtures

0 4. Cleaning machine with rag and brush to obtain accurate
set up.

0 5. Mounting stock with:

-a. Parallels
lb. Angle plate
c. Vee block
d. Shim'

3t to black
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0 6. Mounting cutters, spacing and bearing collars on milling
machine spindle.

0 7. Adjusting controls to obtain proper speeds for various
cutters and metals to be machined.

0 8. Adjusting controls to obtain proper feeds for various
cutters and materials.

0 9. Aligning cutter with stock to be machined.

*10. Operating horizontal milling machine to produce two per-
pendicular surfaces to .005 of an indh.

0 11. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

A 12. Removing stock from holding devices.

A 13. Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw blades for the task.

3. Selecting proper method for holding stock to be machined:

0 a. Jigs and fixtures
A b. Vise
0 c. Angle plates
A d. Clamps

0 4. Selecting proper cutter for specific operation:

a, Slab
b. Helical tooth
c. Form relieved
d. Inserted tooth, stagger tooth, side

0 5. Selecting (from charts) proper speeds and feeds for
various cutters and materials.

0 6. Selecting proper feeds for various cutters and materials.

0 7. Selecting direction of cut.

ON Removing and disposing of chips to keep work area clear
and free from danger.
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9. Practicing proper, safety precautions when operating a
horizontal milling machine:

a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0.c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

0 10. Selecting proper cutting fluids for various metals.

A 11. Selecting proper type of file.

A 12. Selecting abrasive cloth for removing burrs.

TASK 28: MACHINING STOCK ON A HORIZONTAL MILLING MACHINE TO PRODUCE
A SHOULDER TO .001 OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
4 b. Type of. operation
4 c. Finidh and accuracy required
* d. Number of parts
4 e. Kind of material

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with a micrometer to determine size.

* 3. Measuring stock with a vernier caliper to determine size.

0 4. Reading graduations on vertical feed.

4 1. Applying knowledge of fractional parts oE an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions
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* 2 Applying knowledge of decimals;

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
'c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

0 3. Computing, spindle speed and feed according to type of
material being machined.

0 4. Determining fractional and decimal equivalents from charts.

0 5. Computing fractional equivalents of decimals.

0 6. Computing decimal equivalents of fractions.

SCIENCE

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

1. Laying out stock with a:

A a. Square
A b. Rule or scale
* c. Surface gauge and plate
A d. Dividers
A e. Scriber
0 f, Vernier height gauge

Cutting stock to length with:

4. Hand saw
b. Power hack saw
c. Power band saw

3. Mounting holding devices on milling machine:

pa, Vises
Alb. Clamps
c. Jigs and fixtures

Clealling,MaOhi4e with rag and ,brush. to obtain accurate
set.
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0 5. Mounting stock with:

a. Parallels
b. Angle plate
c. Vee block
d. Shims
e. Step block

0 6.

0 1%

0 8.

9 .

10.

0.11.

A 12.

A 13.
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Mounting cutters, spacing and bcaring collars on milling
machine, spindle.

Adjusting controls to obtain proper speeds for various
cutters and,metals to be machined.

Adjusting controls to obtain proper feeds for various
cutters and materials

Aligning cutter with stock to be mach

Operating 'horizontal milling Machine
to 005 of an inch.

Applying cutting flu4ls to lubricate
reduce cutting temperature.

Removing stock from bolding devices.

fined.

to Produce a shoulder

cutting action and

Removing burrs from finidhed work with:

a.

INFORMATION

4 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw plades for the task.

3. Selecting proper method for holding stock to be machined:

File , .

ive clot'hs

0 a. Jigs and fixtures
4 b. Vise
c. Angle plates
d. Clamps

selecting proper cutter for specific operation:

a nab
b. Helical tooth
c. Form relieved
d. Inserted tooth, stagger tooth, side
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0 5. Selecting (from charts) proper speeds and feeds for
various cutters and materials.

0 6. Selecting proper feeds for various cutters and materials.

0 7. Selecting direction of cut.

0 8. Removing and disposing of chips to keep work area clear
and, free from danger.

9. Practicing proper safety precautions when operating a
horizontal, milling machine:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 co. Removing all tools before starting machine
0 d. Making adjustments after madhine has stopped
* e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all, safety guards in place

0 10 Selecting proper cutting fluids for various metals.

A 11.'Selecting proper type of file.

A 12. Selecting abrasive cloth for removing 'burrs-

TASK 29: MACHINING STOCK ON A HORIZONTAL MILLING MACHINE TO PRODUCE
AN ANGULAR SURFACE

COMMUNICATIONS

1. Reading blueprint to determine:

a a. Size and characteristics of the workpiece
4 b- TYPe of operatim
A c. Finidh and accuracy required
* d. Number of parts
A e. Kind of material

. MEASUREMENT

A 1. Measuring stock with a rule 'or scale to determine length.

0 2. Measuring angular surfaces with a sine 'bit.;
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MATHEMATICS
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A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
lb. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

0 2. Computing spindle speed and feed accoring to type of
material being machined.

0 3. Applying knowldge of angles.

SCIENCE,

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear drive ratios.

0 3. Explaining heat transfer as it, relates to coolants.

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
* c. Combination square
d.*Surface,gauge and plate

A e. Scriber
0 fk, Vernier height gauge

Cutting stock to length with:.

a. Hand saw
b. Power hack saw
c. Power band saw

Mounting holding devices

A a. Vises
A b. Clamps
0 c. Jigs and fixtures

0 4. Cleaning machine with :rag and brush to obtain accurate
set up.

on milling machine:

0 5. Mounting stock with it.

a -Parallel*:
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b. Angle raite
c. Vee block
d. Shims
e. Step block

0 6. Mounting cutters Spacing and bearing collars
machine spindled

0 7. Adjusting controls to obtain proper
cutters and metals to be machined.

'0 8. Adjusting controls to obtain proper
cutters and materials.

on milling

speeds for various

feeds for various

0 9. Aligning cutter with stock to be machined.

10. Operating horizontal milling machine to produce a flat
surface.

0 11. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

A 12 Removing stock from holding devices.

A 13. Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw 'blades for the task.

0

0,

3., Selecting proper method for-lholding.stock, to be machined:

0 a. Jigs and fixtures
A b. Vise
0, c. Angle plates
Atk d. Clamps

Selecting proper cutter for specific operation:

a. Slab
b. Helical tooth
c. Form relieved
d. 'Inserted tooth,' stagger tooth, side

Selecting (from charts) 'proper speeds and feeds
various, cutters and materiar"v

Slecting proper feeds for 'variodeilioutters and materials.

for
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0 7. Selecting direction of cut.

0 8., Removing and disposing of chips to keep work area clear
and free from danger.

9..: Practicing proper safety.precautions when operating a
horizontal milling machine:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel.
0 e: Removing all tools before, starting .machine
0 d. Making adjustmentb after machine has stopped
* e. Using only -cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

0 10. Selecting proper cutting fluids for various metals.

4 11. Selecting proper type of file.

4 12. Selecting abrasive cloth. for removing burrs..

TASK 30: MACHINING STOCK ON A VERTICAL "MILLING MACHINE TO PRODUCE
A FLAT SURFACE

COMMUNICATIONS

1. Reading blueprint to determine:

a. Size and characteristics of the workpiece
A b. 'Type of operation
a c. Finish and accuracy required
* d. Number of parts

e. Kind bf material

MEA RW, JJMNT

A 1. Measuring stock with a rule or Scale to determine length.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions. to determine exact dimensions
c. Subtracting fractions to cletimine exact dimensions
d. Dividing fractions to determine exact dimensions
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0 2. Computing spindle speed and feed according to type of
material being machined.

F.

0 3. Determining fractional and decimal equivalents from charts.

0 4. Computing fractional and decimal equivalents.

SCIENCE

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear drive ratios.

0 3. EXplaining heat transfer as it relates to coolants.

SKILLS

A 1. Laying out stock with at

a. Square
b. Rule or scale
c. Dividers
d. Scriber

Cutting stock to length with:
a. Hand saw
b. Power hack saw
c. Power band saw

3. Mounting holding devices on milling

A a. Vises
A b. Clamps
0 c. Jigs and fixtures

machine:

0 4. Cleaning machine with
set up.

bionifting stock 'with;

a, Parallels
b. Angle plate
c, Vee block
d.' Shiers
e. Step block

rag and brush to obtain accurate

gzand5-Searipg--coXlars on milling
4Y
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0 7. Adjusting controls to obtain proper speeds for various
cutters and metals to be machined.

0 8. Adjusting controls to obtain proper feeds for various
cutters and materials.

0 9. Aligning cutter with stock to be machined.

10, Operating a vertical milling machine to produce a flat
surface.

0 11. Applying cutting fluids to lUbricate cutting action and
reduce cutting temperature.

A 12. Removing stock from holding devices.

A 13. Removing burrs from finidhed work with:

a. File
b. Abrasive cloth

MIEQBEZINE

A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw .blades for the task.

3. Selecting proper method for holding stock to be machined:

0 a. Jigs and fixtures
A b. Vise
0 c. Angle 'gates
4 d. Clamps

4. Selecting proper,cutter for specific operation:

e. Slab
b. Helical tooth
c. Form relieved
d. Inserted tooth, stagger tooth, side

0 5. Selecting (from charts) proper speeds and feeds for
various cutters and materials,

0 6. Selecting proper feeds for various cutters and materials.

0 7, Selecting direction -of cut.,o
ri

Rembving,and'disposing of chips to keep work area clear
and free from danger.

9, Practicing proper safety precautions when operating a
horizontal milling madhine:
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a. Wearing goggles. or face shield
* b. Wearing appropriate apparel

c. Removing all tools before starting,machine
0 d. Making adjustments after machine has stopped.

e. Using only cutting tools which have. been adequately
,sharpened

0 f. Maintaining, all safety guard's in. place

0 10. Selecting proper cutting fluids for various metals.

A 11.. Selecting proper type of file.

A 12. Selecting abrasive cloth t'or removing burrs.

TASK 31: MACHINING STOCK ON A VERTICAL MILLING MACHINE TO PRODUCE
TWO PARALLEL SURFACES TO .001 OF AN INC:II

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
A c. Finish and accuracy required
d. Number of parts

A e. Kind of material

MEASUREMENT

Al. Measuring stock with a rule or scale to determine length:

* 2.. Measuring stock with a micrometer to determine size.

* 3. Measuring stock with a vernier caliper to determine size.

0 4. Reading graduations on vertical feed.

/4IATHEMATICS

'A I', 'Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
C, -Subtracting, fractions. to./. determine exact . dimensions
d. Dividing -Tractions to.dett.rmineexact dimensions
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* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

Computing spindle speed and feed according to type of
material being machined.

0 4. Determining fractional and decimal equivalents from charts.

0 5. Computing fractional equivalents of decimals.

0 6. Computing decimal equivalents of fractions.

SCIENCE

0 1. Explaining the physical properties of the machinability
of various metals.

0 2. Explaining gear drive ratios.

0 3. Explaining heat transfer as it relates to coolants.

mum
1. Laying out stock with a:

A a. Square
A b. Rule or scale
* c. Surface gauge and plate.
A d. Dividers
A e. Scriber.
0 f. Vernier height gauge

0 2. Cleaning machine with rag and brush to obtain accurate
set up.

Mounting stock with:

a. Parallels
_(b. Angle plate
c. Vee block
d. Shims
e. Step block

0 4. Aligning cutter with stock to be machined.

5. Operating a vertical milling =Chine to produce parallel,
surfaces to .005 of an inch.
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0 6. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

A 7. Removing stock from holding devices.

4 8. Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for the task.

0 2. Removing and disposing of chips to keep work area clear
and free from danger.

3. Practicing proper safety precautions when operating a
horizontal milling machine:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

A 4. Selecting proper type of file.

A 5. Selecting abrasive cloth for removing burrs.

TASK 32: MACHINING STOCK ON A VERTICAL MILLING MACHINE TO PRODUCE
TWO *PERPENDICULAR.SURFACES TO .001 OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
b. Type of operation

A c. Finish and accuracy required
* d. Number of parts
A e. Kind of material

SURE ENT

A 1. Measuring stock with a rule or scale to determine length.
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* 2. Measuring stock with a'micrometer to determine. size.

* 3. Measuring stock with a vernier caliper to determine size.

0 4. Reading graduations on vertical feed.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact diMensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

0 3. Computing spindle speed and feed according to type of
material being machined.

0 4. Determining fractional and decimal equivalents from charts.

0 5. Computing fractional eqdivalents of decimals.

0 6. Computing decimal equivalents of fractions.

ACIENC4

0 1..Explaining
of Nriouz

0 2. Explaining

0 3. Explaining

SKILLS

the physical properties of the machinability
metals.

gear drive ratios.

heat transfer as it relates to coolants.

1. Laying out stock with a:

A a. Square
A b. Rule or scale
**c. 'Surface gauge 'and plate
a d. Dividers

er--; Sarbe
0 f. Vernier height gauge
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Cutting stock to length with:

a. Handsaw
b. Power hack saw
c. Power band saw

Mounting holding devices on milling machine:

A a. Vises
A b. Clamps
0 c. Jigs and fixtures

0 4. Cleaning machine with rag and hrudh.to obtain accurate
set up.

0 5. Abunting stock with:

a. Parallels
b. Angle plate
c. Vee block
d. Shims
e. Step block

0 6. Mounting cutters, spacing and bearing collars on milling
machine spindle.

0 7. Adjusting controls to obtain proper speeds for various
cutters and metals to be madhined.

0 8. Adjusting controls to obtain proper feeds for various
cutters and materials.

0 9. Aligning cutter with stock to be machined.

10. Operating vertical milling madhine to produce two perpen-
dicular surfaces to .005 of an inch.

0 11. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.

A 12. Removing stock from-holding devices.

A 13. Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksew-iblades .:for the task.
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Selecting proper method for holding stock to be machined:

0 a. Jigs and fixtures
A b. Vise
0 c. Angle plates
A d. Clamps

0 4. Selecting proper cutter for specific operation:

a. Slab .

b. Helical tooth
c. Form,relieved
d. Inserted tooth, stagger tooth, side

/ 5. Selecting (from charts) proper speeds and feeds for
various cutters and materials.

1 6. Selecting proper feeds for various cutters and materials.

t 7. Selecting direction of cut.

0 8. Removing and disposing of chips to keep work area clear
and free from danger.

9. Practicing proper safety precautions when operating a
horizontal milling machine:

* a Wearing goggles or face shield.
* b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 41. Making adjustmehts after machine has stopped
* e. Using only cutting tools which have been adequately

sharpened .

0 f. Maintaining all safety guards in place

0 10. Selecting proper cutting fluids for various metals.

A 11. Selecting proper type of file.,

A 12. Selecting-abrasive cloth for removing burrs.

TASK 33: MACHINING STOCK, ON A VERTICAL MILLING. MACHINE TO PRODUCE
A SHOULDER TO .001 OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of operation
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A c.* Finish and *accuracy required
* d. Number of parts.
A e. Kind of material

MITIMET
A 1. Measuring stock with a rule or scale to determine length.

* 2. Measuring stock with a micrometer to determine size.

* 3. Measuring stock with a vernier caliper to determine size.

0 4. Reading graduations on vertical feed.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b..Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
te, Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

0 3. Computing spindle speed and feed according to type of
material being machined.

0 4. Determining fractional and decimal equivalents from charts.

0 5. Computing fractional equivalents of decimals..

0 6. Computing decimal equivalents of fractions.

SCIENCE

0 1. Explaining the physical properties of the machinability of
various metals.

0 2. Explaining gear drive ratios.

0 3. Explaining heat transfer as it relates to coolants.



SKILLS

1. Laying out stock. with a:

A a. Square
A b. Rule or scale
A c. Combination square
* d. Center head
* e. Hemaphrodite calipers
* f. Surface gauge
A g. Dividers
A h. Scriber

2., Cutting stock to length withu .

a. Hand saw
b. Power hack saw
c. Power band saw

3. Mounting holding devices on milling machine:

A a. Vises
A b. Clamps
0 C. Jigs and fixtLres

x.
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0 4. Cleaning machine with rag and brush to obtain accurate
set up.

0 5. Mounting stock with:

a. Para 1131s
b. Angle plate
c. Vee block
d, Shims
e. Step. block

0 6. Mounting cutters, spacing and bearing collars on milling
machine spindle.

0 7. Adjusting controls to obtain proper speeds for various
cutters and metals to be machined.

0 8. Adjusting controls to obtain proper feeds for various
cutters and materials.

0 9. Aligning cutter with stock to be machined.

10. Operating horizontal milling madhine to produce a flat
surface.

0 11. Applying cutting fluids to lubricate cutting action and
reduce cutting temperature.
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Q 12. Removing stock from holding devices.

A 13. Removing burrs from finished work with:

'a. File
b. Abrasive cloth

4

INE1M4---7C/N

1. Selecting appropriate layout tools for the task.

* 2. Selecting, appropriate hacksaw blades for the task.

3. Selecting proper method for holding stock to be machined:

0 a. Jigs and fixtures
A b. Vise
c. Angle plates

A d. Clamps

0 4. Selecting proper cutter for specific operation:

a. Slab
b.. Helical tooth
c. Form relieved
d. Inserted tooth, stagger tooth, side

0 5. Selecting (from charts) proper speeds and feeds for
various cutters and materials.

0 6. Selecting proper feeds for various cutters and materials.

0 7. Selecting direction of cut.

0 8. Removing and disposing of chips to keep work area clear
and.free from danger.

9. Practicing proper safety precautions when operating a
horizontal milling machine:

* a o Wearing goggles or face shield
W b. Wearing appropriate apparel
0 c. Removing all tools before starting machine
0 d. Making adjustments after machine has stopped
* e. Using only cutting tools which have been adequately

sharpened
0 f. Maintaining all safety guards in place

0 10. Selecting proper cutting fluids for various metals.

A 11. Selectin4 proper type of file.

A 12. Selecting abrasive cloth for removing burrs.



WELDING
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TASK 1: ARC WELDING FERROUS METALS WITH. A. C. MADE?' TO PRODUCE .A
HORIZONTAL BUTT JOINT

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of weld required
A c. Finish and accuracy required
* d. Number of items to be welded
A e. Rind of material

2, Reading equipment manuel to determine equipment set-up.

MEASUREMENZ

A 1. Measuring stock with a rule or scale to determine length.

2. Checking fit up with a rule and square to obtain an
accurate assembly.

Checking work with fillet gauges.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. SUbtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

=PM
0 1. Explaining the physical properties of th1.3.FultIlility of

various metals.

0 2. Explaining the electron theory of current flow in welding.
go.

=ILA
1. Laying out stock' with as

,A a. square
A b, Rule or scale
A c. Combination square
* d. Center head A
* e. Hemaphrodite calipers A

f. Surface gauge
g, Dividers
h. Trammel points
i. Scriber
J. Center punch
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Cutting metal to.dimensions with:

* a. Hand hack saw
* b. Power hack saw
* *c. Power band saw
0 d. Gas cutting torch

* 3. Grinding stock to specific dimensions.

0 4. Grinding a bevel on heavy plate for adequate penetration.

0 5. Connecting electrical components on welder according to
ma fuel specifications.

A 6. Clamping work to obtain fit up.

0 7. Grounding work to obtain adequate conductance.

* 8. Cleaning metal parts to be welded to obtain weld with
necessary strength.

0 9. Tacking fit up assembly to minimize warpage and buckling.

0 10. Preheating weld area to bring metal to proper welding
temperature.

0 11. Striking an arc to join metals together.

0 12. Runniag a bead on weld joint according to specifications.

0 13. Stopping and re-starting a bead for specific weld dimensions.

0 14. Cleaning weld with chipping hammer and wire brush for ad-
ditional welding or finished weld.

4 1 Removing burrs from finished work with:

a.. File
b. Abrasive cloth

INEOWASA
A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting appropriate grinder for the task.

0 4.e. Selecting correct type of-e] for size and type of
metal to be welded.

Selecting.i-p Neat for type4.and. thickness of metal
being Welded::

a

IN



91

0 6. Positioning work to be welded* in .most'adVantageous
position for gravitational .effects on appearance of
bead.

7. Applying different electrode angles in relation to type
and thicknesses of metal being welded..

0 8. Identifying flux for removal with chipping hammer.

A 9. Selecting proper type of file.

A 10. Selecting abrasive cloth for removing burrs.

11. Practicing proper safety precautions when using elec-
tric welding equipment:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Maintaining equipment regularly
* d. Shielding welding area..

NOTE: THE AREAS OF HUMAN REQUIREMENT FOR TASKS 2 THROUGH 16 ARE
THE SAME AS THOSE FOR TASK ONE.

. TASK 2: ARC WELDING FERROUS METALS WITH A.. C. WELDER TO PRODUCE A
HORIZONTAL LAP JOINT

TASK 3: ARC WELDING FERROUS METALS WITH A. C. WELDER TO PRODUCE A
HORIZONTAL INSIDE CORNER JOINT

TASK 4: ARC WELDING FERROUS METALS WITH A. C. WELDER TO PRODUCE A
HORIZONTAL OUTSIDE CORNER JOINT

TASK 5:. ARC WELDING FERROUS METALS WITH A.
HORIZONTAL TEE: JOINT

WELDER TO PRODUCE A

TASK 6: ARC WELDING PERROUS'METALS-WITH A: C. *WELDER TO PRODUCE A
VERTICAL LAP JOINT

TASK 7: ARC WELDING PIPE STOCK WITH A. C. WELDER TO PRODUCE BUTT
JOINTS seiLE FIXED

TASK 8: ARC WELDING PIPE STOCK "WITH A. C WELDER TO PRODUCE BUTT
JOWL'S -MULE ROLLING

TASK 9: ARC WELDING FERROUS METALS WITH D. C. WELDER TO PRODUCE A
HORIZONTAL Burls -JOINT
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TASK 10: ARC WELDING FERROUS METALS WITH D. C. WELDER TO PRODUCE A
HORIZONTAL LAP JOINT

TASK 11: ARC WELDING FERROUS METALS WITH D. C. WELDER TO PRODUCE A
HORIZONTAL OUTSIDE CORNER JOINT

TASK 12: ARC WELDING FERROUS METALS WITH D. C. WELDER TO PRODUCE A
HORIZONTAL INSIDE CORNER JOINT

TASK 13: ARC WELDING FERROUS METALS WITH D. C. WELDER TO PRODUCE A
HORIZONTAL TEE JOINT

TASK 14: ARC WELDING FERROUS METALS WITH D. C. WELDER TO PRODUCE A
VERTICAL LAP JOINT

TASK 15: ARC WELDING PIPE STOCK WITH D. C. WELDER TO PRODUCE BUTT
JOINTS WHILE FIXED

TASK 16: ARC WELDING PIPE STOCK WITH D. C. WELDER TO PRODUCE BUTT
JOINTS WHILE ROLLING

TASK 17: PAD WELDING LOW AREAS ON METAL STOCK TO RENEW STOCK TO
ORIGINAL HEIGHT

COMMUNICATIONS

1. Reading equipment manuel to determine equipment set up.

SCIENCE:

0 1. 'Explaining the physical properties of the fusibility of
various metals.

.0 2 Expla#411g the electron theory of current flow in welding.

KAM4iS

0 1, Connecting electrical components on welder according to
manuel specifications.

A 2, Clamping-work to obtain fit up.

0 3. Grounding work to obtain' adequate conductance.
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* .4. Cleaning metal parts to be welded to obtain weld with
necessary strength.

0 5. Preheating weld area to bring metal to proper welding
temperature.

0 6: Striking an arc to join metals together.

0 7. Running a bead on weld joint according to specifications.

0 8. Stopping and re-statring a bead for specific weld dimen-
sions.

0 9. Cleaning weld with chipping hammer and wire brush for
additional welding or finished weld.

A 10. Removing burrs from finished work with:

a. File
b. Abrasive cloth

INFORMATION

0 1. Selecting correct type of electrode for size and type of
. metal to be welded.

0 2. Selecting proper heat for type and thickness of metal
being welded.

3. Positioning work to be welded in most advantageous posi-
tion for gravitational effects on appearance of bead.

4 4. Identifying flux for removal with chipping hammer.

5. Practicing proper safety precautions when using electric
welding equipment:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Maintaining equipment regularly
* d. Shielding welding area,
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TASK 18: GAS WELDING FERROUS METALS STOCK TO PRODUCE HORIZONTAL A
BUTT JOINT

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of weld required
A c. Finish and accuracy required
* d. Number of. items to be welded
A e. Kind of material

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.

2. Checking fit up with a rule and square to obtain an
accurate assembly.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties of the fusibility of
various metals.

SKILLS

1. Laying out stock, with a:

a. Square
A b. Rule or scale
A c. Combination square
* d. Center head
* e. Hemaphrodite calipers
* Surface gauge
A g. Dividers
* h. Trammel points
A i. Scriber
A J Center punch
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2. Cutting metal to dimensions with:

* a. Hand hack saw
* b. Power ,hack saw
* c. Power band saw
0 d. Gas cutting torch

* 3. Grinding stock to specific dimensions.

0 4. Grinding bevel on heavy plate for adequate penetration.

* 5. Cleaning metal parts to be welded to obtain weld of
specific etrengthe

A 6. Clamping work to obtain fit up.

0 i. Attaching regulators to tanks.

0 S. Connecting hoses to regulators.

0 9. Attaching welding tip to handle. .

0.10. Adjusting valves for desired working pressure.

0'11. Lighting torch with a spark lighter.

0 12. Adjusting flaMe to correct heat.

0 13. Running a bead with torch and filler rod.

INFORMATION

A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting grinder appropriate for the task.

0 4. Selecting proper wrenches for valve controls.

0 5. Selecting proper welding rod for the task.

0 6. Selecting appropriate welding tips for the task.

7. Practicing proper safety precautions when using gas welding
equipment:

* a. Wearing goggles or face dhield
b. Wearing appropriate apparel

0 c. Inspecting equipment for leaks and valve regulation
0 d. Maintaining equipment regularly
e. Shielding welding-area
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0f. Cracking cylinder valves
0 g. Handling tanks with proper care
0 h. Welding eliminating flashbacks and backfires0 i. Recognizing danger of using oil with oxygen
0.j. Turning off torch in proper sequence

NOTE: THE AREAS OF HUMAN REQUIREMENT FOR TASKS 19 THROUGH 23
ARE THE SAME AS THOSE FOR TASK 18.

TAM 19: GAS WELDING FERROUS METALS STOCK TO PRODUCE A HORIZONTAL
LAP JOINT

TASK 20: GAS WELDING FERROUS METALS STOCK TO PRODUCE A HORIZONTAL
OUTSIDE CORNER JOINT

TASK 21: GAS WELDING FERROUS METALS STOCK .TO PRODUCE A HORIZONTAL
INSIDE CORNER JOINT

TASK 22i GAS WELDING FERROUS METALS STOCK TO PRODUCE A HORIZONTAL
TEE JOINT

TASK 23: GAS WELDING FERROUS METALS STOCK TO PRODUCE A VERTICAL
LAP JOINT

TASK 24: GAS CUTTING FERROUS CARBON STEELS

COMMUNICATIONS

1. Reading blueprint to determine:

A a, Size and characteristics of the workpiece
A b. Type of cut required
A c. Finish and accuracy rArziired
d. Number of Jima to be cut

A e. Kind of material

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.
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MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions,

SKILLS

1. Laying out stock with a :.

A a. Square * Surface gauge
A b. Rule or scale A g. Dividers
A c. Combination square * h. Trammel points
* d. Center head A i. Scriber
* e. Hermaphrodite calipers A j. Center punch

A 2. Mounting stock in:

a. Clamps
b. Vise

0 3. Lighting torch with a spark lighter.

0 4. Adjusting flame to correct heat.

0 5. Cutting metal to dimensions with a gas cutting

INFORMATION

A 1.

.* 2.

0 3.

0 4.

5.

torch.

Selecting appropriate layout tools for the task.

Selecting appropriate hacksaw blades for the task.

Selecting proper wrenches for valve controls.

Selecting appropriate cutting tips for the task.

Practicing proper safety precautions when using gas cutting
eqipment:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Inspecting equipment for leaks and valve regulation
0 d. Maintaining equipment Tegularly
* e. Shielding cutting area
0 f. Cracking cylinder valves
g. Handling tanks with proper care

0 h. Cutting, eliminating flashbacks and backfires
i. Recognizing danger of using oil with oxygen
j.. Turning off torch in proper sequence



98

TASK 25: BRAZING FERROUS METALS 10 PRODUCE A HORIZONTAL BUTT.
JOINT

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of braze joint required
A c. Finish and accuracy required
* d. Number of items to be brazed
A e. Kind of material

MEASUREMENT

A 1. Measuring stock, with a rule or scale to determine length.

2. Checking fit up with a rule and square to obtain an
accurate assembly.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

SCIENCE

01. Explaining the physical properties of the fusibility of
various metals.

SKILLS.`

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Combination square
* di. Center head
* e. Hemaphrodite calipers
* f. Surface gauge
A g. Dividers
* h. Trarrrnel points
Al. Scriber
Aj. Centers pinch
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2. Cutting metal to dimensions with:

* a. Hand hack saw
* b. Power hack saw
* c. Power band saw
0 6. Gas cutting torch

* 3 Grinding stock to specific dimensions.

0 4. Grinding bevel on heavy plate for adaquate penetration.

* 5. Cleaning metal parts to be brazed to obtain braze joint
of specific strength.

A 6.

0 7.

08.

0 9.

0.10.

011.

0 12.

0 13. Running a bead with torch and filler rod.

Clamping work to obtain fit up.

Attaching regulators to tanks.

Connecting hoses to regulators.

Attaching brazing tip to handle.

Adjusting valves for desired working

Lighting torch with a spark lighter.

Adjusting flame to correct heat.

pressure.

INFORMATION

1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw "blades for the task.

0 3. Selecting grinder appropriate for the task.

0 4. Selecting proper. wrenches for valve controls.

0 5. Selecting proper brazing rod for the task.

C6. Selecting appropriate brazing tips for the task.

7. Practicing:proper safety precautions when using gas brazing
equipment:

* a. Wearing goggles or face shielf
* b. Wearing appropriate apparel
c. Inspecting-- ipment for leaks and valve regulation
d. Maintaining equipment regularly

* e. Shielding brazing area
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0 fo Cracking cylinder valves
0 g. Handling tanks with proper care
0 h. Brazing eliminating flaOhbacks and backfires
0 i. Recognizing danger of using oil with oxygen
0.J. Turning off torch in proper sequence

NOTE: THE AREAS OF HUMAN REQUIREMENT FOR TASKS 26 THROUGH 30
ARE THE SAME AS THOSE FOR TASK 25.

TASK 26: BRAZING FERROUS METALS TO PRODUCE A. HORIZONTAL LAP JOINT

TASK 27: BRAZING FERROUS METALS TO PRODUCE A HORIZONTAL OUTSIDE
CORNER JOINT

TASK 28: BRAZING FERROUS METALS TO PRODUCE A HORIZONTAL INSIDE
CORNER JOINT

TASK 29: BRAZING FERROUS METALS TO PRODUCE A HORIZONTAL TEE JOINT

TASK 30: BRAZING FERROUS METALS TO PRODUCE A VERTICAL LAP JOINT

TASK 31: BRAZING NON-FERROUS METALS TO PRODUCE A HORIZONTAL BUTT
JOINT

C0.11Ing.,..TiSAtt.CA

1. Reading blueprint to determine:
A a. Size and characteristics of the workpiece
A Type of braze required

c. Finish and accuracy required* d. Number of items to be brazed
A e. Kind-- of material

MEASUREMENT

A 1. Measuring stock with a rule or scale to determine length.
2. Checking .lit up with a rule and square to obtain an

_accuarte eafi
444
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MATHEMATICS

A 1. Applying knowledge of fractional. parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

SCIENCE

0 1. Explaining the physical properties of the fusibility of
various metals.

SILL

1. Laying out stock with a:

A a. Square
6 b. Rule or scale
6 c. Combination square
* d. Center head
* e. Hemaphrodite calipers
* f. Surface gauge
A g. Dividers
* h. Trammel points
A i. Scriber

* 2. Cutting metal to dimensions with:

a. Hand hack saw
b. Power hack saw
c. Power band saw

* 3. Grinding stock to specific dimensions.

0 4. Grinding bevel on heavy plate for adequate penetration.

* 5. Cleaning metal parts to be brazed to obtain braze joint
of specific' strength.

6 6. Clamping work to obtain fit up.

7. Attaching regulators to tanks.

0 8. Connecting hoses to regulators.

0 9-. Attaching brazing tip to handle.

0 10. Adjusting valves for desired working pressure

011 .rAiiighting tOrChIoith a--,Spark lighter.

-
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0 12. Adjusting flame to correct beat.

0 13. Running a bead with torch and filler rod.

IMIONATUN

A 1. Selecting appropriate layout tools for the task.

* 2. Selecting appropriate hacksaw blades for the task.

0 3. Selecting grinder appropriate for the task.

0 4. Selecting proper wrenches for valve controls.

0 5. Selecting proper brazing rod for the task.

0 6. Selecting appropriate brazing tips for the task.

7. Practicing proper safety precautions when using gas brazing
equipment:

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Inspecting equipment for leaks and valve regulation
0 d. Maintaining equipment regularly
* e. Shielding brazing area
0 f. Cracking cylinder valves
0 g. Handling tanks with proper care
O h. Brazing, eliminating flashbacks and backfires
0 i. Recognizing danger of using oil with oxygen
t j. Turning off torch in proper sequence

NOTE: THE AREAS OF HUMAN REQUIREMENT FOR TASKS 32 THROUGH 36 ARE
THE SAME AS THOSE FOR TASK 31.

TASK 32: BRAZING NON-FERROUS METALS TO PRODUCE A HORIZONTAL LAP
JOINT

TASK 33: BRAZING NON-FERROUS METALS TO PRODUCE A. HORIZONTAL OUTSIDE
CORNER JOINT

TASK 348 BRAZING NON-FERROUS METALS TO PRODUCE A. HORIZONTAL INSIDE
CORNER JOINT

TASK 35: BRAZING NON- FERROUS. METALS TO PRODUCE A HORIZONTAL TEE
JOINT

TASK 36: BRAZING VON- FERROUS METALS TO PRODUCE .A VERTICAL LAP JOINT
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TASK 37: INERT GAS WELDING FERROUS METALS TO PRODUCE A HORIZONTAL
BUTT JOINT

COMMUNICATIOn

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Type of weld required.
A c. Finish and accuracy
* d. Number of items to be welded
A e. Kind of Material

2. Reading. equipment manuel to determine equipment set up.

MEASUREMENT

A Measuring stock with a rule or scale to determine length.
2. Checking fit up with rUle'and square for accuracy.

MATHEMATICS

Applying knowledge of fractional parts of an inch:
a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fraction's to determine exact dimensions
d. Dividing fraPtions. to, determine exact dimensions

. .

SCIENCE

0 1. Explaining the physical properiesof the fusibility of
various metals.

SKILLS

1 'Laying ou stokwith a

Square
A b. Rule or scale

r A' q. square
10 d. Center head
*e. Hermklitiwrodite, calipers
:'*4.'etiitace8441dge

17. Dividers
*-h. Trammel points
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A is Scriber
A j. Center punch

2. Cutting metal to dimensions with:

* a. Hand hack saw
* b. Power hack saw

c. Power band saw
0 d. Gas cutting torch

3. Installing committable filler wire in mig welding equipment.

0 4. Checking electrical connections for tightness.

0 5. Setting up inert gas welding equipment according to welder
manuel.

0 6. Checking inert gas fittings for tightness.

A 7. Grinding stock to specific dimension and weld angles.

A 8. Clamping work to obtain fit up.

* 9. Cleaning metal parts to be welded to obtain maximum strength
from weld.

0 10. Preparing tungsten electrode for type current to, be used.

0 11. Striking an arc to begin welding process.

0 12. Tacking fit up to relieve, stresses.

0'13. Running a bead on weld joint according to specifications.

A 14. Removing burrs with:

a. File
b. Abrasive cloth"

INFORMATION

Al, Selecting 'appropriate layout tools for the task..

*2. Selecting appropriate hacksawblades for the task..

ns 3. Selectl,ng,correct type of electrode for ,.the task.

0 40 Selecting type current to be used according to metal being
welded.

Recognizing various sir s` of welding tips.
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0 6. Positioning work to be welded in most advantageous position
for gravitational effects on appearance of bead.

0 7. Applying different angles in relation to type and thickness
of metal.

0 8. Standing in proper relation to work to be welded.

A 9. Selecting appropriate file for task.
A 10. Selecting appropriate abrasive cloth for task.

11. Practicing proper safety.precautions when using inert gas
welding equipment.

s* a.. Wearing goggles or face shield
* b. Wearing appropriate apparel
0 c. Maintaining equipment regularly
* d. Shield welding area

NOTE: THE. AREAS OF HUMAN REQUIREMENT FOR TASKS 38 THROUGH 44 ARE
THE SAME.AS THOSE FOR TASK 37.

TASK 38: INERT GAS WELDING FERROUS METALS TO PRODUCE'A HORIZONTAL
LAP JOINT

TASK 39: INERT GAS -WELDING ,FERROUS METALS TO' PRODUCE A HORIZONTAL
OUTSIDE CORNER-JOINT

TASK 40: INERT GAS WELDING FERROUS METALS TO PRODUCE A HORIZONTAL
INSIDE CORNER JOINT

TASK 41 s--?.INERT GAS WELDING FERROUS. METALS TO PRODUCE A HORIZONTAL
TEE JOINT

TASK 42: INERT GAS WELDING FERROUS METALS TO PRODUCE A VERTICAL
LAP JOINT

TASK 43: INERT GAS WELDING FERROUS PIPE STOCK TO PRODUCE 'BUTT
JOINTS WHILE.ROLLING

TASK 44: INERT GAS WELDING FERROUS PIPE STOCK TO PRODUCE BUTT
JOINI.,CS WHILE FIXED
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TASK 45 INERT GAS WELDING NON-FERROUS METALS TO PRODUCE A HORIZONTAL
Burr JOINT'

COMMUNICATIONS

1. Reading blueprint to determine:

4 a. Size and Characteristics of the workpiece
A 'b. Type of weld required
A c. Finish and accuracy
* d. Number of items to be welded
A e. Kind of material

2. Reading equipment manuel to determine equipment set up.

MEASUREMENT

A1. Measuring stock with a rule or scale to determine length.

2. 'Checking fit up with a rule and square for accuracy.

MATHEMATICS

A 1, 'Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to deterTine exact dimensions

SCIENCE

Explaining the physical properties of the fusibility of
various metals.

Laying out stock with a:

A a, Square
A b. Rule or scale
A c. Combination square
'*'d'. Center head
* e. Hemphrodite calipers

f. Surface gauge
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* g. Dividers
* h. Travel :points.
A i. Scriber

Cutting metal to dimensions with:

a. Hand hadk saw
b. Power hack saw
c. Power band saw

0 3. Installing consumable filler wire in mig welding equipment.

0 4. Checking electrical connections for tightness.

0 5. Setting up inert gas welding equipment according to welder
manuel.

0 6. Checking inert gas fittings for tightness.

0. 7. Belt sanding stock to specific dimensions and weld angles.

4 8. Clamping work to obtain fit up.

* 9. Cleaning metal parts to be welded to obtain maximum
from weld.

0 10. Preparing tungsten electrode for type current to be

0 11. Striking an arc to begin welding process.

0 12. Tacking fit up to relieve stresses.

13. Running a bead on weld joint, according to specifications.

strengt

used.

414. Removing burrs with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for the task.

Selecting appropriate hacksaw blades. for the task.

(6 3. Selecting correct type of electrode fOi the task.
Selecting type- current. to metal being
welded.

5. Recognizing various sizes and types of ..welding tips.
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0 6. Positioning work to be welded in most advantageous position
for gravitational effects on appearance of bead.

0 7. Applying different angles in relation to type and thickness
of metal.

0 8. Standing in proper relation to work to be welded.

49. Selecting appropriate file for task.

A 10. Selecting appropriate abrasive cloth for task.

11. Practicing proper safety precautions when using inert gas
welding equipment.

* a. Wearing goggles or face shield
* b. Wearing appropriate apparel.
4 c. Maintaining equipment regularly
* d. Shield welding area

NOTE: THE AREAS OF HUMAN REQUIREMENT FOR TASKS 46 THROUGH 52 ARE
THE SAME AS THOSE FOR TASK 45.

TASK 46: INERT GAS WELDING NON-FERROUS WETALS TO PRODUCE A
HORIZONTAL LAP JOINT

TASK 47: INERT GAS WELDING NON-FERROUS METALS TO PRODUCE A
HORIZONTAL INSIDE CORNER JOINT

TASK 48. INERT GAS WELDING NON-FERROUS METALS TO PRODUCE A
HORIZONTAL OUTSIDE CORNER JOINT

TASK 49: INERT GAS WELDING NON-FERROUS METALS TO PRODUCE A
HORIZONTAL TEE JOINT

TASK 50: INERT GAS WELDING NON-FERROUS METALS TO PRODUCE A
VERTICAL LAP JOINT

TASK 51: INERT GAS WELDING NON- FERROUS PIPE STOCK TO PRODUCE 'SUIT
JOINTS WHILE ROLLING

TASK 52: INERT GAS WELDING NON-FERROUS PIPE STOCK TO PRODUCE BUTT
JOINTS WHILE FIXED
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TASK 1: TRACING TEMPLATES ON SHEET METAL FOR CUTTING BENDING AND
JOINING SHEET METAL ITEMS

MEASUREMENT

a 1. Checking overall length of sheet metal with tape.

0 2. Checking gauge of sheet metal with sheet metal gauge or
micrometer.

Locating points on sheet metal for the scribing of lines.

MATHEMATICS

4 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
p. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals its determine exact dimensions
d. Dividing decimals,,tO determine exact, dimensions

4 1. Stribtfig lines around templates with scriber.

SKILLS

CUTTING SHEET METAL WITH HAND TOOLS TO PRODUCE A STRAIGHT
CUT WITHIN 1/32 OF AN INCH

COMMUNICATIONS

-4 1. Reading blueprint to determinev,

a, Size and dh#racteristids of the workpiece
b. Type of operation
c. Finish and accuracy required
d. Kind of material
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a 1, Checking overall length of sheet metal with rule or tape.

* 2. Checking gauge of sheet metal with sheet metal gauge or
micrometer.

MATHEMATICS

A . applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting frabtions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting.decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals'to determine exact dimensions

SKILLS

1. Laying out sock with

A a. Square
A b. Rule or scale
A c. Dividers
* d. Trammel points
A e. Scriber
A f. Center punch

0 2.. Adjusting pivot screw on hand shears for proper clearance
for cut.

* 3. Aligning sheet metal with shear blade for an accurate cut.

4. Cutting sheet metal with aviation snips (right-hand and
left-hand) to produce a straight cut within 1/32 of an
inch.

* 5. Cutting sheet metal (24 gauge or thinner) with combination
snips to produce straight cut within 1/32 of an inch.

* 6. Cutting sheet metal with straight snips to produce a straight
cut within 1/32 of an inch.

* 7. Cutting Sheet metal with compourid Shears to produce a
straight cut within l/32 of an inch.
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* 8. Cutting sheet metal (24 gauge or thicker) with bulldog
snips to produce a straight cut within 1/32 of an inch.

* 9. Cutting sheet metal pipe with double cutting shears to
produce a straight cut within 1/32.of an inch.

A' la: 'Removing burrs from sheet metal with:

a.' File
b. Abrasive cloth

INFORMATION

A Selecting appropriate layout tool for task.

* 2. Selecting most appropriate hand cutting tool for the task.

A 3. Selecting appropriate abrasive cloth for task.

A 4. Selecting appropriate file for task.

0 5. Wearing gloves when handling dharp sheet metal.

TASK CUTTING SHEET METAL WITH MACHINERY TO PRODUCE A STRAIGHT
CUT WITHIN 1/32 OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

a. Size and characteristics of the workpiece
b. Type of operation
c. Finish and accuracy required
d. Kind of material

MEASUREMENT

A 1. Checking overall length of sheet metal with rule or tape.

0 2. Reading graduations on sheet metal madhinery to determine
specific dimensions.

Checking gauge of sheet metal with sheet metal gauge or
micrometer.
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MATHEMATIC

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Dividers
* d. Trammel points
A e. Scriber
A f. Center pundh

* 2. Aligning sheet metal with shear blade for an accurate cut.

* 3. Cutting sheet metal with treddle operated squaring shears
to produce a straight cut within 1/32 of an inch.

Cutting sheet metal with power operated squaring shears to
produce a straight cut within 1/32 of an inch.

Cutting sheet metal with saber saw to produce a straight
cut within 1/32 of an inch.

A 6. Removing burrs from sheet metal with a:

a. File
b. Abrasive cloth

A 1. Selecting appropriate layout tools for task.

0 2. Selecting the most appropriate machinery for .task.

A !3 Selecting appropriatii abrasive'clOtii for task
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A 4. Selecting appropriate file for task.

0 5. Wearing gloves when handling sharp sheet metal.

TASK 4: CUTTING SHEET METAL WITH HAND TOOLS TO PRODUCE A CIRCULAR
CUT WITHIN 1/32 OF AN INCH

COMMUNICATIONS

A 1. Reading blueprint to determine:

a. Size and characteristics of the workpiece
b. Type of operation
c. Finish and accuracy required
d. Kind of material

MEASUREMENT

4 1. Checking overall length of sheet metal with rule or tape.

* 2. Checking gauge of sheet metal with sheet metal gauge or
micrometer.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions.
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Laying out stock with a:

4 a. Square
bo Rule or scale

A c. Dividers
d. tttmmei points

4 M.
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A e. Scriber
A f. Center punch

0 2. Adjusting pivot screw on hand shears for proper clearance
for cut.

* 3. Aligning sheet metal with shear blade for an accurate cut.

* 4. Cutting Sheet metal with aviation snips (right or left
hand) to produce a circular cut within 1/32 of an inch.

* 5. Cutting Sheet metal with combination snips to produce a
circular cut within 1/32 of an inch.

* 6 Cutting sheet metal with straight snips to produce a
circular cut within 1/32 of an inch.

Cutting sheet metal with circle snips to produce a cir-
cular cut within 1/32 of an inch.

* 8. Cutting sheet metal with Hawk's Bill snips to produce a
circular cut within 1/32 of an inch.

4 9. Removing burrs from Sheet metal with:

a. File
b. Abrasive cloth

INFORMATIONS

4 1. Selecting appropriate layout tools for task.

* 2. Selecting most appropriate band cutting tool for the task.

A 3. Selecting appropriate abrasive cloth for task.

A 4. Selecting appropriate file for task.

0 5. Wearing gloves when handling sharp Sheet metal.

TASK 5: CUTTING SHEET METAL WITH MACHINERY TO PRODUCE A CIRCULAR
CUT WITHIN 1/32 OF AN INCH

COMMUNICATIONS

A 1. Fiesding blueprint to det!rmi e:

Size, and charactristi
Type' of operation

, 1

the woriiece



12.-Pinidh and' accuracy required
materiald. Kind of material

MEASUREMENT

A 1. Checking overall length of sheet metal with rule or scale.

* 2. Checicing gauge of sheet metal with sheet metal gauge or
micrometer.

Checking measurement of required, circle on graduations
on bed.scale.
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MATHEMATICS

A 1, Applying knowledge of fractional parts of an inch:

a. Multiplying.fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

2. Applying knOwledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. MMltiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Laying out stock with a:

A a. Square
A bo Rule or scale
A c. Dividers
* d. Trammel points
A e. Scriber
A f. Center punch

* 2, Aligning sheet metal with Shear blade for an accurate cut.

3. Centering blank in ring and circle shear.

0 4. Setting lock nut on adjustment handle to produce a clean
cut.

0 5. Adjuoting uppfr cutter adjustment handle or ring and circle
cuttO6fOr-lipOdifid':vdgemetar'being-4ut.
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6. Cutting sheet metal with bench level dhear to produce a
circular cut within 1/32 of an inch.

7. Cutting sheet metal with ring and circle shear to produce
a curcular cut within 1/32 of an inch.

Removing burrs from gheet metal with:

a. File
b. Abrasive cloth

INFORMATION

Q. 1. Selecting appropriate layout tools for task.

* 2. Selecting most appropriate hand cutting tool for the task.

A 3. Selecting appropriate abrasive cloth for task.

A 4. Selecting appropriate file for task.

loves handling sharp dheet metal.

TASK 6; CUTTING SHEET METAL WITH HAND TOOLS TO PRODUCE AN IRREGULAR
CUT WITHIN;.1/3.2 OF AN INCH

COMMUNICATIONS

4.1 Reading blueprint to determine:

a. Size and characteristics of the workpiece
b. Type of operation
c Finish and accuracy required
d. Kind of material

MEASUREMENT

4 1. Checking overall length of sheet metal with rule or tape.

* 2. Checking gauge. Of gheet, metal with sheet metal gauge or
micrometer.

MATHEMATIC4

A 1. Applying kno4edge of fractianal parts of an inch:
1 r

a. mtatiplytng frectione to determine exact dimensions



117

b. Adding fractions to determine exact dimensions
c. Subtracting fractions-to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
lb. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine e act dimensions

SKILLS

1.Laying out stock with a:.

A a. Square
A b. Rule or scale
A c. Dividers
* d. Trammel points
4 e. Scriber.
A f. Center punch

0 2. Adjusting pivot screw on hand shears for proper clearance
for cut.

* 3. Aligning dheet metal with shear blade for an accurate cut.

* 4. Cutting sheet metal with aviation snips to produce an ir-
regular cut within 1/32 of an inch.

.*

Cutting Sheet metal with combination ships to produce an
irregular cut within 1/32 of an inch.

6. Cutting sheet metal with bendh lever shears to produce an
irregular cut within 1/32 of an inch.

4 7. Removing burrs from dheet metal with a:

a. File
b. Abrasivw cloth

INFORMATION

Selecting appropriate layout tools for task:

2. Selecting most appropriate hand cutting tool for the task.

43 Selecting appropriate abrasive cloth for task.

A 4, electing appropriate file for task.

0 5 , wearing gloves vihen handling dharp 'dart metal.
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TASK: CUTTING SHEET METAL WITH MACHINERY TO PRODUCE AN IRREGULAR
CUT WITHIN X/32 OF AN ;NCH.

COMMUNICATIONS

1. Reading bluepr,-%nt to Setermine:

a. Size and characteristics of the .workpiece
b. Type of operation
c. Finish and accuracy required
d. Kind of material

MEASUREMENT

A 1. Chedking overall length of sheet metal with rule or tape.

* 2. Checking gauge of sheet metal with sheet metal gauge or
micrometer.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions,
c. Subtracting fractions to determine exact dimonsions
d. Dividing fractions to, determine exact dimensions

11511t1A

1.

Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Dividers
* 4. Trammel
a Scriber
4 i .genteX-Pullch,
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* 2. Aligning sheet metal with shear blade for an accurate cut.

0 3. Adjusting upper cutter adjustment handle on ring and circle
cutter for specific gage metal being cut.

0 4. Cutting sheet metal with ring and circle shears to produce
an irregular cut within 1/32 of an inch.

0 5. Operating a ring and circle cutter to produce an irregular
cut.within 1/32 of an inch.

A 6. Removing burrs from sheet metal with:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for task.

* 2. Selecting most appropriate hand cutting tool for the task.

t 3. Selecting appropriate abrasive cloth for task.

A 4. 1,,Aecting appropriate file for task.

0 5. Wearing gloves when handling dharp sheet metal.

TASK 8: CUTTING SHEET METAL WITH HAND TOOLS TO PRODUCE A NOTCHED
CUT WITHIN 1/32 OF AN INCH

COMMUNICATIONS

A 1. Reading blueprint to determine:

a. Size and characteristics of the workpiece
b. Type of operation
c. Finish and accuracy required
d. Kind of material

MEASUREMENT

1. Checking overall length of sheet metal with rule or tape.

* 2. Checking gauge of sheet metal with sheet metal gauge or
micrometer.
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MATHMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Dividers
* d. Trammel points
A e. Scriber
A f. Center punch

0 2. Adjusting pivot screw on hand shears for proper clearance
for cut.

* 3. Aligning sheet metal with shear blade for an accurate cut.

* 4. Cutting sheet metal with airplane snips (right and left
hand) to produce a notched cut within 1/32 of an inch.

* 5. Cutting sheet .metal with hand notcher to produce a notched
cut within 1/32 of an inch.

* 6. Cutting sheet metal with bulldog snips to produce a notched
cut within 1/32 of an .inch.

* 7. Cutting sheet metal with combination snips to produce a
notched cut within 1/32 of an inch.

* 8. Cutting sheet metal with bench level shear to produce a
notched cut within 1/32 of an inch.

49. Removing burrs from sheet metal with:

a. File
b. Abrasive cloth
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INFORMATION

A 1. Selecting appropriate layout tools for task.

* 2. Selecting most appropriate hand cutting tool for the task.

4 3. Selecting appropriate abrasive cloth for task.

A 4. Selecting appropriate file for task.

0 5. Wearing gloves when handling sharp sheet metal.

TASK 9: CUTTING SHEET METAL WITH MACHINERY TO PRODUCE A NOTCHED
CUT WITHIN 1/32 OF AN INCH

COMMUNICATIONS

A 1. Reading blueprint to determine:

a. Size and characteristics of the workpiece
b. Type of operation
c. Finish and accuracy required
d. Kind of material

MEASUREMENT

4 1. Checking overall length of sheet metal with rule or tape.

* 2. Checking gauge of sheet metal with sheet metal gauge or
micrometer.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions



SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Dividers
* d. Trammel points
A e. Scriber
A f. Center punc!i

2. Aligning sheet metal with shear blade for an accurate cut.

0 3. Adjusting blades of notches for desired notched style.

* 4. Cutting sheet metal with portable power shears to produce
a notched cut within 1/32 of an inch.

* 5. Cutting sheet metal with combination notcher, coper, and
shear to produce a notched cut within 1/32 of an inch.

* 6. Cutting sheet metal with saber saw to produce an interior
cut within 1/32 of an inch.

7. Cutting sheet metal with a nibbler to produce an interior
cut within 1/32 of an inch.

A 8. Removing burrs from sheet metal with a:

a. File
b. Abrasive cloth

INFORMATION

1. Selecting appropriate layout tools for task.

* 2. Selecting most appropriate hand cutting tool for the task.

43. Selecting appropriate abrasive cloth for task.

A 4. Selecting appropriate file for task.

0 5. Wearing gloves when handling sharp sheet metal.

TASK 10: CUTTING SHEET METAL TO PRODUCE AN INTERIOR CUT WI THIII
1/32 OF AN INCH

A 1. Reading blueprint to determine:



a. Size and characteristics of the workpiece
b. Type of operation.
c. Finish and accuracy required
d. Kind of material
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MEASUREMENT

A 1. Checking overall length of sheet metal with rule or tape.

* 2. Checking gauge of sheet metal with Sheet metal gauge or
micrometer.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to deteimine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Dividers
* d. Trammel points
A e. Scriber
4 f. Center punch

A 2. Adjusting pivot screw on hand shears for proper clearance
for cut.

* 3. Aligning sheet metal with shear blade for an accurate cut.

* 4.. Cutting sheet metal with aviation snips (straight right
hand/ left hand) to produce an interior cut within 1/32
of an inch.

* 5. Cutting sheet metal with a portable power shear to produce
an interior cut within 1/32 of an inch.
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* 6. Cutting sheet metal
interior cut within

* 7. Cutting sheet metal
cut within 1/32 of an inch.

with hawk bill snips to produce an
1/32 of an inch.

with saber saw to produce an interior

A 8. Removing burrs from sheet metal with, a:

a. File
b. Abrasive cloth

INFORMATION

A 1. Selecting appropriate layout tools for task.

* 2. Selecting most appropriate hand cutting tool for the task..

A 3. Selecting appropriate abrasive cloth for task.

Is 4. Selecting appropriate file for task.

0 5. Wearing gloves when handling sharp sheet metal.

TASK 11: FORMING SHEET METAL CYLINDERICAL SHAPES ON SLIP ROLL
FORMING MACHINE

SKILLS

1. Adjusting bottom roll for receiving specific gage sheet
metal.

2.. Adjusting back roller for forming cylinder.

3. Operating slip roll forming machine to produce a cylinder.

4. Readjusting back roller for small cylinder ghape.

5. Removing cylinderical ghape from slip roll forming machine.

TASK 12: FORMING SHEET METAL CRIMPING ON A CRIMPING MACHINE

MEASUREMENT

A.1. Measuring with rule to si=t gage on crimping machine.
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MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. Subtracting fractions to determine exact dimensions

SKILLS

1. Installing crimping rolls on crimping machine.

2. Adjusting gage on crimping machine to produce a specific
length crimp.

3. Operating crimping machine to produce a crimped edge.

4. Adjusting crankscrew for specific depth of crimp.

5. Adjusting wing nuts for light or heavy bead when using
beading and crimping rolls.

0 6. Holding work in a horizontal position against gage.

INFORMATION

1. Operating crimping machine without running over the seam.

TASK 13: FORMING SHEET METAL BEADING ON A BEADINO MACHINE

MEASUREMENT

A 1. Measuring with rule to set gage on beading machine.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. 'Subtracting fractions to determine exact dimensions

SKILLS,

1. Installing beading rolls on beading machine.

2. Checking alignment of the rolls for equal side clearance.
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3. Adjusting gage on beading machine to set distance for
bead.

0 4. Holding work against gage for uniform bead.

5. Operating beading machine to produce a bead.

INFORMATION

1.. Selecting proper beading rolls for the task called for
in blueprint.

2. Operating beading machine without running over seam

TASK 14: FORMING A SINGLE HEM ON BAR FOLDER OR BRAKE FOR STRENGTH

MEASUREMENT

0 1. Reading scale adjustment on bar folder for depth of bend.

MATHEMATICS

4 1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. Subtracting fractions to determine exact dimensions

SKILLS

0 1. Adjusting depth gage on bar folder for specific size hem.

2. Operating bar folder to produce a hem.

0 3. Aligning layout line with bending leaf.

4. Operating a brake to produce a hem.

0 5. Setting down hem on bar folder.

0 6. Setting down hem on a brake.

INFORMATION

0 1. Allowing enough material for bend.
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TASK 15: FORMING DOUBLE HEM ON BAR FOLDER OR BRAKE FOR STRENGTH

MAMMON
0 1. Reading scale adjustment on bar folder for depth of bend.

MATHEMATICS

A 1. Applying knowledge of fractional,parts of an indh:

a. Adding fractions to deterthine exact dimensions
b. Subtracting fractions to determine exact dimensions

SKILLS

1. Operating a bar folder to produce a double hem.

2. Operating brake to produce a double hem.

3. Readjusting depth gage on bar folder fo;., specific size
double hem.

INFORMATION

0 1. Allowing enough material for bends.

TASK 16: FORMING SINGLE SEAM ON A BRAKE AND/OR BAR FOLDER FOR
JOINING SHEET METAL PARTS

MEASUREMENT

0 1. Reading scale adjustment on bar folder for depth of bend.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. Subtracting fractions to determine exact dimensions

SKILLS

1. Operating a bar folder to produce a single seam.
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0 2. Aligning layout line with bending leaf.

3. Operating a brake to produce a single seam.

TASK 17: FORMING DOUBLE SEAM ON A BRAKE AND/OR BAR FOLDER FOR
JOINING SHEET METAL PARTS

MEASUREMENT

0 1. Reading scale adjustment on bar folder for depth of bend.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. Subtracting fractions to determine exact dimensions

SKILLS

1. Operating a bar folder to produce a double seam.

2. Operating a brake to produce a double seam.

TASK 18: FORMING THE PITTSBURGH LOCK SEAM WITH MACHINERY FOR
JOINING SHEET METAL PARTS

MEASUREMENT

1. Determining overall dimensions of piece to be formed by
adding material to form lock plus width of piece.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. Subtracting fractions to determine exact dimensions

SKILLS

0 1. Adjusting machine for gauge metal to be fed.



2. Operating the Pittsburg Lock Seam Former.
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TASK 19: FORMING CAP STRIP SEAM ON A DRIVE CAP MACHINE FOR JOINING
SHEET METAL PARTS

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. Subtracting fractions to determine exact dimensions

SKILLS

0 1. Adjusting machine for gauge metal to be feed.

2. Operating drive cap forming machine.

3. Cutting sheet metal to specific dimensions for feeding
drive cap machine.

'TASK 20: DRILLING SHEET METAL TO PRODUCE A FASTENER RECEIVER HOLE

COMMUNICATIONS

1. Reading blueprint to determine hole size to be drilled.

MATHEMATICS

1. Applying knowledge of fractional parts of an inch:

a. Adding fractions to determine exact dimensions
b. Subtracting fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions
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SKILLS

A 1. Laying out sheet metal with:

a. Rule and scale
b. Scriber

c. Combination square
d. Center punch

2. Punching sheet metal with center punch for
drilling.

Installing drill in drill chuck.

Clamping sheet metal to drill press table.

Operating hand drill to produce a hole.

Operating drill press to produce a hole.

Removing burrs with an old drill.

* 3.

INFORMATION

accurate

* 1. Selecting correct size drill for task to be performed.

TASK 21: ADHERING SHEET METAL PARTS WITH ADHESIVES T3 PRODUCE AN
ASSEMBLY

COMMUNICATIONS

* 1. Reading blueprints to determine:

a. Adhesive to be used
b. Surfaces to be bonded'

MATHEMATICS

* 1. Calculating proportions of components of adhesive accord-
ing to specifications.

* 2. Applying knowledge of'weight and volume for mixing adhesive.

SKILLS

* 1. Cleaning surfaces to be bonded with appropriate
solution.

* 2. Mixing adhesive compound according to procedure
in specifications of adhesive.

cleaning

called for
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3. Applying adhesive to area to be bonded according to speci-
fications of adhesive.

A 4. Clamping metal bonded assembly in a manner appropriate to
assembly and specifications of adhesive.

A 5. Removing clamping devices from bonded assembly.

INFORMATION

* 1. Selecting adhesive to be used for the sheet metal assembly.

TASK 22: WELDING (SPOT) SHEET METAL PARTS TO PRODUCE AN ASSEMBLY

COMMUNICATIONS

1. Reading blueprints to determine number and spacing of
spot welds.

MEASUREMENT

A 1. Measuring with scale and marking pencil spots to be welded.

MATHEMATICS

* 1. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions.

SKILLS

* 1. Cleaning sheet metal area to be spot welded.

2. Adjusting spot welder for correct weld time and pressure.

A 3. Clamping metal assembly for spot welding.

4. Aligning tips of spot welder with areas to be welded.

A 5. Removing clamping devices form welded assembly.
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TASK 23: SOLDERING SHEET METAL PARTS TO PRODUCE AN ASSEMBLY

COMMUNICATIONS

1. Reading blueprints to determine:

a. Number of parts to be soldered
b. Surfaces to be soldered

SKILLS

* 1. Cleaning surfaces to be soldered.

A 2. Clamping work to be soldered.

3. Tinning the soldering copper for efficient soldering
practice.

4. Applying flux to the metal to be soldered.

5. Soldering sheet metal for assembly.

6. Testing soldered joint with water for leaks.

INFORMATION

1. Selecting most appropriate method of soldering for the
task.

2. Selecting method of applying solder to specific joint.

3.. Selecting appropriate solder for the job.

4. Selecting correct flux for the solder practice.

5. Selecting appropriate tinning solutions.

6. Selecting appropriate method of holding work to be soldered.

7. Handling acids with care for safety.

TASK 24: FASTENING SHEET METAL PARTS WITH SHEET METAL SCREWS TO
PRODUCE AN ASSEMBLY

COMMUNICATIONS

1. Reading blueprints to determine size and number of sheet
metal screws needed for the job.
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SKILLS

* 1. Drilling correct size hole to accommodate screws to be
used.

* 2. Punching sheet metal with center punch to start drill.

* 3. Fastening sheet metal parts with sheet metal screws.

INFORMATION

* 1. Selecting correct sheet metal screws for type and thick-
ness of metal to be assembled.

* 2. Selecting correct tightening tool for screws to be used.

TASK 25: BOLTING SHEET METAL PARTS TO PRODUCE AN ASSEMBLY

COWUNICATION4

1. Reading blueprints to determine:

a. Parts to be bolted
b. Size of bolts required
c. Type fit required
d. Torque required

SKILLS

* 1. Fastening sheet metal parts with bolts.

INFORMATION

* 1. Selecting correct bolts for type and thickness of metal
to be assembled.

* 2. Selecting correct tightening tool for bolts to be used.

3. Selecting correct washer to be used for assembly.

TASK 26: RIVETING SHEET METAL PARTS TO PRODUCE AN ASSEMBLY

COMMUNICATIONS
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1. Reading blueprints to determine:

a. Parts to be riveted
b. Size of rivets
'c. Tip fit required
d. Style heed to be formed

SKILLS

* 1. Drilling correct size hole to accommodate rivets to be
used.

Riveting sheet metal parts for assembly.

INFORMATION

* 1. Selecting correct riveting tools for the job:

a. Hand
b. Power

* 2. Selecting correct rivets to be used for type and thick-
ness of metal to be assembled.

TASK 27: JOINING SH METAL PARTS WITH SEAMS

COMMUNICATIONS

1. Reading blueprints to determine specific seam (s) to be
used in the assembly and their relationship.

SKILLS

1. Assembling Sheet metal parts with seams.

2. Locking sheet metal seams for permanent assembly.

INFORMATION

1. Selecting parts to be mated by seams.



ASSEMBLY
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TASK 1: ADHERING PARTS WITH ADHESIVES USING HAND PROCESSES TO
PRODUCE A METAL BONDED ASSEMBLY

COMMUNICATIONS

* 1. Reading working drawing to determine:

a. Adhesive to use
b. Surfaces to be bonded

MATHEMATICS

* 1. Applying knowledge of weight and volume for mixing ad-
hesives.

* 2. Calculating proportions of Jomponents of adhesive
according to specifications.

SKILLS

* 1. Cleaning surfaces to be bonded with appropriate cleaning
method:

a. Chemical or acid bath
b. Abrasive

2. Setting up metal assembly for bonding.

* 3. Mixing adhesive compound according to procedure called
for in specification of the adhesive.

* 4. Applying adhesive to area to be bonded with hand tools.

A 5. Clamping metal bonded assembly in a manner appropriate
to assembly and specifications of adhesive.

6. Cleaning hand tools used in applying adhesives with proper
solvents.

A 7. Removing clamping devices from bonded assembly.

INFORMATION

* 1, Selecting appropriate hand tools for applying adhesive.
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* 2. Selecting adhesive to be used for the metal bond assembly
according to blueprint.

A 3. Selecting appropriate clamping devices for assembly.

* 4. Selecting appropriate mixing devices for assembly.

* 5. Practicing proper safety precautions as indicated on the
specifications.

TASK 2: ADHERING PARTS WITH ADHESIVES USING SPRAY EQUIPMENT TO
SPECIFIED THICKNESS TO PRODUCE A. METAL BONDED ASSEMBLY

COMMUNICATIONS

* 1. Reading working drawing to determine:

a. Adhesive to use
b. Surfaces to be bonded

MATHEMATICS

* 1. Applying knowledge of weight and volume for mixing ad-
hesives.

* 2. Calculating proportions of components of adhesive
according to specifications.

SKILLS

* 1. Cleaning surfaces to be bonded with appropriate cleaning
method:

a. Chemical or acid bath
b. Abrasive

2. Setting up metal assembly for bonding.

* 3. Mixing adhesive compound according to procedure called
for in specification of the adhesive.

4. Filling spray chamber with adhesive.

5. Adjusting spray gun for proper spray density.
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6. Spraying metal surfaces with adhesive spray gun to produce
a metal bonded assembly.

A 7. Clamping metal bonded assembly in a manner appropriate to
assembly and specification of adhesive.

8. Cleaning spray chamber with appropriate thinner.

A 9. Removing clamping devices from bonded assembly.

INFORMATION

1. Selecting appropriate equipment for applying adhesive.

* 2. Selecting adhesive to be used for the metal bond assembly
according to blueprints.

A 3. Selecting appropriate clamping devices for asseiriply.

* 4. Selecting appropriate mixing devices for assembly.

* 5. Practicing proper safety precautions as indicated on the
specifications.

TASK 3: FASTENING METAL PARTS WITH SCREW TO PRODUCE AN ASSEMBLY

COMMUNICATIONS

1. Reading blueprints to determine size and number of screws
to be used.

SKILLS

1. Tightening screws with:

a. Allen wrench
* b. Phillips-head screwdriver
* c. Standard screwdriver
d. Offset screwdriver

INFORMATION

* 1. Selecting correct ,trews to be used for type and thickness
of metal to be assembled.

* 2. Selecting correct tools to be used for assembling with
screws.
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TASK 4: BOLTING METAL PARTS WITH BOLTS TO PRODUCE AN ASSEMBLY

COMMUNICATIONS

1. Reading blueprints to determine size and number of bolts
to be used.

SKILLS

1. Tightening appropriate metal fasteners with:

a. Adjustable wrench.
b. Torque wrenches
c. Socket wrench (T-handle)
d. Socket wrench (offset)
e. Allen wrenches
f. Socket wrench ratchet
g. Open-end wrench
h. Box-end wrench

INFORMATION

* 1. Selecting correct tools to be used for assembling with
bolts.

* 2. Selecting correct bolts to be used for type and thickness
of metal to be assembled.

TASK 5: RIVETING METAL PARTS TO PRODUCE AN ASSEMBLY

COMMUNICATIONS

1. Reading blueprints to determine size and number of rivets
to be used.

SKILLS

* 1. Riveting metal parts with power tools to produce an as-
sembly.

2. Punching rivets in assembly with a drift punch.

* 3. Riveting metal parts with hand tools to produce an assembly.
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4. Setting rivets in an assembly.

INFORMATION

* 1. Selecting correct riveting tool for the job:

a. Hand
b. Power

Selecting correct rivet to be used for type and thickness
of metal to be assembled.

TASK 6: TIGHTENING METAL FASTENERS WITH HAND POWER TOOLS

SKILLS

1. Mounting appropriate attachment to tighten or loosen
metal fasteners.

2, Operating electric impact wrench to tighten or loosen
metal fasteners.

3. Tightening appropriate metal fasteners with a reversible
electric impact wrench.

INFORMATION

1. Selecting appropriate attachment to tighten or loosen
metal fasteners.

. 2. .Practicing proper safety precautions.

TASK 7: MATING PARTS TOGETHER TO PRODUCE SUB-ASSEMBLIES

COMMUNICATIONS,

1. Reading blueprints (exploded view drawing) to determine
relationship of detail parts to be mated.

SKILLS

1. Aligning mated parts for assembly with an aligning punch.
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0 2. Mating parts to produce a sub-assembly.

INFORMATION

0 1. Selecting mated parts for the sub-assembly.

TASK 8: MATING PARTS AND SUB-ASSEMBLIES TOGETHER TO PRODUCE MAJOR
ASSEMBLIES

COMMUNICATIONS

0 1. Reading blueprints to determine relationship of details
and sub-assemblies to produce major assemblies.

SKILLS

0 1.. Mating parts and sub- assemblies to produce Major.assem-
blies.

INFORMATION

1. Mating delicate parts with care.

0 2. Selecting parts and sub-assemblies for mating.

TASK 9: HOLDING PARTS IN CLAMPING DEVICES FOR ASSEMBLY OF DETAILS,
SUB-ASSEMBLIES, AND ASSEMBLIES

SKILLS

1. Holding round stock or pipe in pipe vise.

42. Holding work.to bench with C-clamps.

3. Holding work in madhinist's vise.

4. Installing sub-assemblies in jigs and fixtures for assembly.

65. Mounting work in swivel vise.
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INFORMATION

1, Clamping work to appropriate tightness dependent upon the
material and opetation to be performed.

A 2. Selecting most appropriate vise for specific operation to
be performed.

A 3. Selecting most appropriate clamps for specific operation
to be performed.

TASK 10: CUTTING MATERIALS WITH HAND TOOLS TO FIT IN AN ASSEMBLY

COMMUNICATIONS

1. Reading blueprint to determine:

O a. Size and characteristics of the workpiece
b. Type of cutting operation
c. Finish and accuracy required

* d. Number of parts to be cut
e. Kind of material

2. Laying out stock with a:

a. Square
A b. Rule or scale
c. Combination square
d. Dividers

*e. Trammel points
A f. Scriber

3. Cutting appropriate materials with diagonal cutting pliers.

4. Cutting bolts, rods, and heavy wire with bolt cutter to
1/32 of an inch.

Cutting metal (rivets, split nuts, ship castings and thin
sheets) with cold chisel to 1/32 of an inch.

6. Cutting appropriate materials with side cutting pliers.

0 7. Cutting metal tubing with tubing cutter to produce two
pieces to 1/32 of an inch.

8. Cutting materials with combination pliers.

* 9. Cutting materials with hacksaw to 1/32 of an inch,

*10. Cutting materials with sheet metal snips (all types) to
1/32 of an inch.
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11. Cutting materials with various types of chisels.

12. Cutting tubing with tubing cutters to 1/32 of an inch.

13. Cutting bolts with bolt cutter to 1/32 of an inch.

A 14. Removing burrs with:

a. File
b. Abrasive cloth

INFORMATION

* 1. Selecting appropriate cutting tool for task.

'6 2. Practicing keeping hands clear of cutting area.

3. Cutting metals with sharp tools only.

TASK 11:. CUTTING MATERIALS WITH POWER TOOLS TO FIT IN AN ASSEMBLY
TO 1/32 OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
A b. Size-drill bit
A c. Finish and accuracy required
* d. Number of parts to be cut
A e. Kind of material

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Combination square
A d. Dividers

* e. Trammel points
A f. Scriber
A g. Center punch
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* 2. Cutting matelAals with sabre saw for assembly.

* 3. Cutting materials with a nibbler saw for assembly.

* 4'. Sawing metal stock with hand hack saw to produce two
pieces.

INFORMATION

A 1. Selecting appropriate layout tools.

2. Selecting appropriate power tool for the task.

0 3. Practicing keeping hands awayfrom cutting area.

TASK 12: FILING STOCK TO PRODUCE A FINISHED ASSEMBLY TO .001 OF
AN INCH

SKILLS

* 1. Files material with
flat surface.

4 2. Files material with
metal (deburrs).

INFORMATION

different

different

shaped files to produce a

shaped files to remove excess

4 1. Selecting correct file shape, size, and type of material
to be filed.

TASK 13: DRILLING HOLES IN .NATERIAL WITH HAND DRILL TO PRODUCE A
HOLE TO .005 OF AN INCH

COMMUNICATIONS

4 1. Reading blueprint to determine:

a. Size and characteristics of the workpiece to be
drilled

b, Type of operation
c. Finish and accuracy required
d. Kind of material
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MATHEMATICS

Al. Applying knowledge of fractional parts of an inch:

Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Combination square
* d. Center head
* e. Hemaphrodite calipers

f. Dividers
* g. Trammel points
h. Scriber

A i. Center punch

* 2. Mounting drill bit in hand drill.

* 3. Drilling material with hand drill for assembly.

INFORMATION

* 1. Selecting hand drill most appropriate for task.

* 2. Selecting drill bit size according to working drawing.

0 3. Practicing keeping hands away from drilling area.

TASK 14: DRILLING STOCK WITH HAND POWER DRILLS TO PRODUCE A HOLE

TO .005 OF AN INCH

COMMUNICATIONS

A 1. Reading blueprint to determine:
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a. Size and characteristics of the workpiece to be
drilled

b. Type of operation
c. Finish and accuracy required
d. Kind of material

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals todetermine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions .

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Combination square
* d. Center head

e. Hemaphrodite calipers
A f. Dividers
* g. Trammel points
A h. Scriber

i. Center punch

* 2. Mounting drill bit in hand power drill.

* 3. Drilling materials with hand power drill for assembly.

INFO'RM1M11

* 1. Selecting hand power drill most appropriate for the task.

* 2. Selecting drill bit size according to working drawing.

0 3. Practicing keeping bands away from drilling area.
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TASK 15: REAMING STOCK WITH HAND WRENCH TO PRODUCE A FINISHED
HOLE TO .001 OF AN INCH

21112MICANATIO

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
b. Size of reamer required

4 c, Finish and accuracy required
* d. Number of parts
A e. Kind of material

MZEMATICS

* 1. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimalo to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

* 1. Mounting reamer in reamer wrench.

* 2. Reaming drilled hole to produce a finished hole to .001
of an inch.

INFORMATION

1. Selecting reamer wrench for the task.

* 2. Selecting correct size reamer for the task.

TASK 16: REAMING STOCK WITH HAND DRILL TO PRODUCE A FINISHED HOLE
TO .001 OF AN INCH

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
b. Size reamer required
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A C. Finish and accuracy required
* d. Number of parts to be reamed
A e. Kind of material

MATHEMATICS

* 1. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Mounting reamer in hand drill.

2. Reaming drilled holes with hand drill to produce a fin-
ished hole to .001 of an inch.

INFORMATION

* 1. Selecting appropriate hand drill for task.

* 2. Selecting correct size reamer for the task.

TASK 17: COUNTERSINKING HOLE WITH HAND TOOLS TO PRODUCE Al FASTENER
RECEIVER HOLE

COMMUNICATIONS

1. Reading blueprint to determine:

a. Size and characteristics of the workpiece
A b. Type of operation
c. Finish and accuracy required

* d. Number of parts to be countersunk
A e. Kind of material

SKILLS

1. Mounting countersink in hand drill.

2. Countersinking drilled hole with countersink in hand drill
to produce a fastener receiver hole.
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INFORMATION

* 1. Selecting appropriate hand drill for the task.

* 2. Selecting proper countersink for the task.

TASK 18: COUNTERSINK HOLES WITH POWER DRILL TO PRODUCE A FASTENER
RECEIVER HOLE

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece
4 b. Type of operation
A c. Finish and accuracy required
* d. Number of parts to be countersunk
A e. Kind of material

SKILLS

1. Mounting countersink in hand drill.

2. Countersinking drilled hole with countersink in power
drill to produce a fastener receiver hole.

INFORMATION

* 1. Selecting appropriate power drill for the task.

* 2. Selecting proper countersink for the task.

TASK 19: TAPPING HOLES WITH TAPS TO PRODUCE A THREADED MOLE

COMMUNICATIONS

1. Reading blueprint to determine:

4 a. Size and characteristics of the workpiece to be
tapped

4 b. Type of operation
A c. Finish and accuracy required
* d. Number of parts to be tapped
'4 e. Kind of material



MATHEMATIC$

* 1. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Mounting tap in tap wrench.

* 2. Applying cutting oil to the tapping operation.

3. Tapping a hole with a tap to produce a threaded hole.

4. Removing tap from finished hole.

INFORMATION,

0 1. Selecting appropriate tapping wrench for the task.

2. Selecting tap for task.

3. Tapping hole according to type of material.

TASK 20: CUTTING THREADS WITH DIES TO PRODUCE A THREADED MEMBER

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece to have
threads cut

Alb. Type of operation
A c. Finish and accuracy required
* d. Number of parts to have threads cut
e. Kind of material

MATHEMATICS

* 1. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
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c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

SKILLS

1. Mounting die in die stock.

* 2. Applying oil to cutting process according to type of
material being threaded.

3. Cutting stock with a die to produce external threads.

4. Removing die from finidhed external thread.

INFORMATION

1. Selecting appropriate wrench for holding die for task.

2. Selecting appropriate die for task.

3.. Cutting threads according to type of material.

TASK 21: PUNCHING MATERIALS WITH HAND PUNCHES TO PRODUCE A HOLE

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece to be
punched

6 b. Finish and accuracy required
c. Number of parts to be punched

A d. Kind of material

SKILLS

1. Laying out stock with a:

A a. Square
6 b. Rule or scale
A c. Combination square
6 d. Dividers
* e. Trammel points
6 f. Scriber
6 g. Center punch
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2. Punching gasket materials with a gasket punch..

* 3. Punch light gauge metals with a hollow metal cutting
punch.

0 4. Aligning punch with layout lines and points for accurate
punching.

INFORMATION

* 1. Selecting punch required for job.

2. Using punches which have had heads ground safely.

TASK 22: PUNCHING MATERIALS WITH POWER TOOLS. TO PRODUCE A HOLE

COMMUNICATIONS

1. Reading blueprint to determine:

A a. Size and characteristics of the workpiece to be
punched

A b. Finish and accuracy required
* c. Number of parts to be punched
A d. Kind of material

SKILLS

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Combination square
A d. Dividers
* e. Trammel points
A f. Scriber
A g. Center punch

2. Operating power punch to produce holes.

0 3. Aligning layout lines with punch for accurate punch.

INFORMATION

1. Practicing keeping hands away from pundhing area.
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TASK 23: CHECKING DIMENSIONS OF DETAILS WITH PRECISION INSTRUMENTS
FOR ACCURATE ASSEMBLY

COMMUNICATIONS

A 1. Reading blueprint to determine:

a. Size of the workpiece
b. Finish and accuracy required

MEASUREMENT

01. Checking squareness of objects with a try square.

0 2. Checking squareness of objectsiwith a carpenter's square.

0 3. Checking dimensions of details with divider to verify lay-
out.

04. Checking angles of objects with a combination square.

65. Checking angles of objects with a sliding T-bevel.

* 6. Checking gauge of wire with wire gauge.

* 7. Checking cz,lage of sheet metal with wire gauge.

08. Determining nuthber of threads per inch with a thread gage.

* 9. Checking dimension of sub-assemblies for accuracy with a
micrometer (inside and outside).

* 10. Checking dimensions for accuracy with outside calipers.

11. Checking dimensions for accuracy with form gauge block.

* 12. Checking dimensions for accuracy with inside calipers.

MATHEMATICS

0 1. Calculating unknown dimensions from known dimensions to
check for accuracy.

A 2. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions
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* 3. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

INFORMATION

* 1. Selecting appropriate precision instrument for dimensions
to be checked,

* 2. Practicing safe instrument handing for accurate measure-
ment.

TASK 24: CHECKING DIMENSIONS OF SUB-ASSEMBLIES AND ASSEMBLIES TO
PRODUCE ACCURATE ASSEMBLIES

(40141.4UNICATIONS

A 1. Reading blueprint to determine:

a. Size of the workpiece
b. Finish and accuracy required

MEASUREMENT,

0 1. Checking. squareness of objects with a try square.

02. Checking squareness of objects with a carpenter's square.

0 3. Checking dimensions of details with divider to verify lay-
out.

0 4. Checking angles of objects with a combination square.

5. Checking angles of objects with a sliding T-bevel.

* 6. Checking gauge of wire with wire gauge.

* 7. Checking gauge of sheet metal with wire gauge.

08. Determining number of threads per inch with a thread gage.

* 9. Checking dimension of sub-assemblies for accuracy with a
micrometer (inside and outside).
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* 10. Checking dimensions for accuracy with outside calipers.

11. Checking dimensions for accuracy with form gauge block.

* 12. Checking dimensions for accuracy with inside calipers.

MATHEMATICS

0 1. Calculating unknown dimensions from known dimensions to
check for accuracy.

A 2. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 3. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

INFORMATION

* 1. Selecting appropriate precision instrument for dimensions
to be checked.

* 2. Practicing safe instrument handing for accuracy measure-
ment.

TASK 25: MEASURING STOCK WITH PRECISION INSTRUMENTS FOR ASSEMBLY

COMMUNICATIONS

A 1. Reading blueprints to determine dimensions of sub-assemb-
lies and assemblies.

MEASUREMENT

A 1. Measuring objects with a tape rule to determine length.

A 2. Measuring objects with a steel rule to determine length.

A 3. Measuring objects with a steel tape to determine length.
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A 4. Measuring objects with a folding tape to determine length.

A 5. Measuring objects with a hook rule to determine length.

* 6: Measuring outside and inside dimension of an object with
vernier caliper to determine dimensions.

* 7. Measuring outside dimension of an object with an outside
micrometer to determine dimension.

* 8. Measuring outside dimensions with outside calipers to
determine dimension.

* 9. Measuring inside dimension of an object with an inside
micrometer to determine dimension.

* 10. Measuring inside dimension of an object with inside cali-
pers to determine dimension.

* 11. Measuring depth dimensions with a depth micrometer.

0 12. Measuring screw threads with a screw thread micrometer.

0 13. Measuring small openings with feelers gage to determine
dimension.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

* 2. Applying knowledge of decimals:

a. Adding decimals to determine exact dimensions
b. Subtracting decimals to determine exact dimensions
c. Multiplying decimals to determine exact dimensions
d. Dividing decimals to determine exact dimensions

INFORMATION,

A 1. Selecting appropriate measuring devices for task.

* 2. Practicing safe instrument handling for accurate measure-
ment.
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TASK 26: STAMPING NUMBER AND LETTERS ON METAL STOCK FOR IDENTIFI-
CATION

COMMUNICATIONS

1. Reading blueprints to determine style and size number
and/or others to be stamped on items.

MATHEMATICS

A 1. Applying knowledge of fractional parts of an inch:

a. Multiplying fractions to determine exact dimensions
b. Adding fractions to determine exact dimensions
c. Subtracting fractions to determine exact dimensions
d. Dividing fractions to determine exact dimensions

SKILLS .

1. Laying out stock with a:

A a. Square
A b. Rule or scale
A c. Combination square
A d. Dividers
'* f. Trammel points
A g. Scriber

2. Aligning numbers and/Or letters with layout line.

3. Stamping numbers and/or letters on metal.

INFORMATION

1. Selecting number and/or letters to be used.

TASK 27: HAMMERING APPROPRIATE METAL PARTS WITH VARIOUS HAMMERS

SKILLS

1. Hammering appropriate material with:

a. Ball peen hammer
b. Straight peen hammer
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c. Cross peen hammer
d. Soft faced hammer
e. Wooden hammer
f. Tack hammer

INFORMATION

1. Selecting appropriate hammer for job to be accomplished.

2. Recognizing the necessity of using a hammer with its head
tight to handle.

TASK 28: FLARING METAL TUBING WITH FLARING TOOL TO PRODUCE A FLARE

1. Mounting tubing in tube-flaring tool.

2. Flaring metal tubing with tube flaring tool.

INFORMATION

1. Checking to see if burrs have been removed.

2. Checking to see if tubing has been cut squarely.

3. Selecting appropriate flaring tool for task.

TASK 29: ALIGNING PARTS IN SUB-ASSEMBLIES AND ASSEMBLIES WITH
HAND TOOLS

CLOWNICATION

01. Reading working drawing to determine parts relationships.

SKILLS

1. Aligning parts with an alignment punch.

INFORMATION

1. Selecting correct tool for aligning.



PRECEDING PAGE BLANK. NOT FILMED

INSTRUCTIONAL SEQUENCE EXAMPLE

METAL FORMING AND FABRICATION

This section of the report provides a
suggested instructional sequence that may
be utilized by the teacher in developing a
lesson for each of the tasks listed in the
task analysis section of the report. The
task is shown at the top of the page with
the headings for the areas of human require-
ment listed below the task. Under each head-
ing the behavioral statements have been ar-
ranged in a suggested instructional sequence.
The arrangement provides the teacher with an
instructional pattern that can be used to de-
velop lesson plans, materials of instruction,
and visual aids.
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Reading blueprint
to determine kind
of material.

Reading blueprint
to determine size
and characteristic
of the workpiece.

Reading blueprint
to determine num-
ber of ports to be
machined.

PRECEDING PAGE BLANK- NOT HAM 160

TURNING STOCK ON LATHE TO PRODUCE A FACED SURFACE

=IAN

Measuring stock
with rule or scale
to determine length.

liatbsost&DA
Applying knowledge
of fractional parts
of an inch:

(a)Multiplying frac-
tions to deter-
mine exact di-
meniions

(b)Adding fractions
to determine ex-
act dimensions

(c)Subtracting frac-
tions to deter-
mine exact di-
mensions

(d)Dividing frac-
tions to deter-
mine exact di-
mensions

Computing fraction-
al equivalents of
decimals.

11112KMAttll

Selecting appropri-
ate layout tool for
the task.

Selecting appropri-
ate hacksaw blades
for the task.

Explaining gear
and pulley drive
ratios

Reading blueprint
to determine type
of operation.

Computing automatic
feed for various
metals.

Computing cutting
speeds for various
metals

Selecting method of
holding stock to be
machined:

(a)Chuck- 3 jaw,
4 jaw

(b)Collet
(c)Face plate

Protecting Wiley§
with woo,`A when
mounting chucks

Selecting methods
of holding cutting
tools

Selecting proper
facing tool for
the job

Laying out stock
with:

(a)Rule or scale
(b)Scriber .

Cutting stock to
length oath:
(a)Hand Saw
(b)Power hack saw
(c)Power hand saw

Mounting
(a) Chuck
(b) Collet
(c) Between Cen-

ters
(d) Face plate,

in-on lathe

I

leaning machine with
rag and brush to ob-
in an accurate set
p

ild

Mounting stock in-
1 on lathe

(a) .:'puck 3 jaw,
4 jaw

(b) Collet
(c) Between centers
(d) ?ace plate

Selecting (from
chart) correct
cutting speeds and
feeds for various
metals

Explaining the
physical proper-
ties of the ma-
chinability of
various metals

Explaining heat
transfer between
tool and work

Reading blueprint
to determine fin-
ial: and accuracy
required.

-....]

Mounting facing
tool in holder in
tool post and ad-
just point.

r
1

Adjusting controls
to obtain proper
spindle speed.

11,
Practicing proper
safety precautions
When operating a
drill press:

(a)Wearing goggles
or face shield

(b)Wearing appro-
priate apparel

(c)Remove all tools
before starting
machine

(d)Make adjustments
after machine has
stopped

(e)Using only cut-
ting tools Which
have been ads-
*lately sharpen-
ed

(f)Maintaining all
safety guards in
place

Removing and dis-
posing of chips to
keep work area clea
and free from dangs

'Selecting proper type
of file

Selecting abrasive
cloth for removing
burrs

Adjusting controls
to obtain proper
feed.

Setting crose feed
for roughing depth
of cut

Applying cutting
fluids to lubri-
cate cutting ac-
tion and reduce
cutting temperature

lathe to
produce a faced
surface

Setting cross feed
for finishing depth
of cut

Removing work from
holding devices

Removing burrs from
finished work with:
a. file
b. Abrasive cloth



COMMON AREAS OF HUMAN REQUIREMENT

METAL FORMING AND FABRICATION

An inventory of skills and knowledges
was compiled for each of the occupations in
the metal forming and fabrication cluster.
An analysis of these skills and knowledges
was made to determine their frequency of
appearance for each of the occupations in
the cluster. The frequency of appearance
is shown with respect to the following
categories:

1. Common to all occupations.

2. Common to several occupations.
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AREAS OF HUMAN REQUIREMENT COMMON TO ALT! OCCUPATIONS IN THE
METAL FORMING AND FABRICATION CLUSTER

AREAS OF HUMAN REQUIREMENT

COMMUNICATION

1. Reading blueprints to determine:

a. Size and characteristics of
work piece. 31

b. Material to be used. 31
c. Finish and accuracy 27
d. Type of operation required 26

MEASUREMENT

1. Measuring stock with a rule or scale . 17

MATHEMATICS

1. Applying knowledge of fractional parts
of an inch:

a. Adding fractions to determine
exact dimensions.

b. Subtracting fractions to deter-:
mine exact dimensions

c. Multiplying fractions
mine exact dimensions

d. Dividing fractions to
exact dimensions. .

LICILLS

1. Laying out stock with a:

a. Rule or scale.

to deter-

determine

25

25

'25

25

18

51 9 14
52 9 9
52 9 14
52 9 9

52 13 10

52 19 7

52 19 7

52 19 7

52 19 7

51 9 7
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2.

3
4

AREAS OF HUMAN REWEREMENT

b.
c.
d.

Square.
Combination
Dividers

e e

square. .

ee. Scriber
f. Center punch.

Mounting stock with clamps

Mounting stock in a vise

Removing burrs from stock with:

a. File
b. Abrasive cloth

INFORMATION

1. SLiecting the
for the task

2. Selecting the
for the task

3. Selecting the
for the task

4 Selecting the
for the task

5. Selecting the
cloth for the

appropriate

appropriate

appropriate

appropriate

appropriate
task .

layout

clamps

vise

file

abrasive

H

z

eta

2

O

w

vim

4

18 51 9 7
. 10 51 1 1

a 17 51 9 6
e e 17 51 10 6

9 51 10 3

17 51 4 3

17 1 1 3

23 52 9 1
28 52 9 3

. . 18 51 9 7

17 51 4 3

.

.

1 1 3

.23 52 9 1

28 52 9 3
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AREAS OF HUMAN REQUIREMENT COMMON TO SEVERAL OCCUPATIONS IN THE
METAL FORMING AND FABRICATION CLUSTER

AREAS OF HUMAN REQUIREMENT

COMMUNICATION

1. Reading blueprints to determine the
number of parts. . . . .

MEASUREMENT

1. Measuring stock on workpiece with:

a. Outside micrometer . .

b. Inside micrometer. . . . .

c. Outside calipers . . . .

d. Inside calipers . . .

e. Vernier calipers . . .

MATHEMATICS

1. Applying knowledge of decimals:

a. Adding decimals to determine
exact dimensions . . .

b. Subtracting decimals to deter-
mine exact dimensions . .

c. Multiplying decimals to deter-
mine exact dimensions .

d. Dividing decimals to determine
exact dimensions . . .

2. Calculating proportions of components of
adhesive according to specification

31 52 0 10

. 13 0 10 3

. 3 0 0 3
5 0 0 3

. 3 0 0 3
6 0 0 1

24 0 12 9

24 0 12 9

. 24 0 12 9

. 24 0 12 9

0 0 1 2
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AREAS OF HUMAN REQUIREMENT

SKILLS

1. Laying out stock with a:

a. Center head. . . . . . . . 8
b. Hermaphrodite calipers . . . . 8

.c. Surface gauge . . .' . . . 16
d. Trammel points. . . . . . . 0

2. Cleaning metal parts with appropriate
cleaning solution.....-. . . . 0

3. Cutting stock with a hand hack saw ., e . 19

4. Cutting stock with a power hack saw . . . 19

5. Cutting stock with a band saw . . . 19

6. Cutting stock with aviation snips. . . . 0

7. Cutting stock with combination snips. . . 0

8.. Cutting stock with a portable power
shear . . . ... . 0

9. Drilling stock with a hand drill to
produce a bole . . . . . . . 0

10. Drilling stock with a drill press to
produce a bole . 1

11. Removing burrs with an old drill . . . . 7

12. Riveting stock with riveting tools
to produce an assembled unit . . . . . 0

13. Bolting parts to produce an assembled
unit . . . . . 0

14. Fastening metal parts with sheet metal
screws. . 0

51 0 2
51 0 1
51 0 0
51 9 3

52 3 2

50 0 11

50 0 0

50 0 0

0 5 1

0 4 1

0 2 1

0 3 1

0 3 0

Q 1 0

0 1 1

0 1 2

0 1 1



OF HUMAN REQUIREMENT

INFORMATION

1. Selecting appropriate hack saw blades
for the task. . .

2. Selecting drill bits for drilling holes. .

3. Selecting appropriate screws for the task .

4. Selecting appropriate bolts for the task .

5. Selecting appropriate rivets for the task .

6. Selecting appropriate adhesive for the
task . . .

7. Selecting appropriate cutting tools for
the task . . .... . .

8. Practicinor proper safety precautions:

a. Wearing goggles or face shield .

b. Wearing appropriate apparel . .

19 50 0 1

2 0 1 2

0 0 1 1

0 0 1 1

0 0 1 1

0 0 1

0 0 5 1

33 52 0 0
33 52 9 0



COURSE OUTLINE

METAL FORMING AND FABRICATION

This section of the report includes the
course outline for the metal forming and fab-
brication cluster. The course outline is di-
vided into a first and second level program.
Units of instruction have been developed that
provide the manipulative and verbal learnings
required for job entry into each of the occu-
pations found in the cluster. A list of sug-
gested learning activities has been provided
for each unit as well as a list of instruct-
ional materials for each occupational area.
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COURSE DESCRIPTION: The course outline for the occupational

cluster of metal forming and fabrication is designed to be

used in a cluster concept program in vocational education at

the secondary school level. The program is aimed at the de-.

velopment of skills and understanOngi related to a group of

occupations within the ,metal forming and fabrication cluster.

It is not an in-depth development into any one occupation, but

aims at preparing students to enter a range of occupations

within the metal p#M4O4 and fabrication cluster.

NEED FOR THE COURSE: The course is designed to meet the needs

of students pursuing a general curriculum in the secondary

school system by providing job entry skills in a number of re-

lated occupations. It is also designed to meet the student's

need for self appraisal of interests and pOlititialitili in a

amber of occupations:

Specific needs include the f lowing:

1. To provide students with the opportunity for
a greater degree of mobility on a geographical
basis.

2. To provide students with the opportunity for
mobility within an industry or occupation.

'3. To provide students with the opportunity for
greater flexibility in occupational choice
patterns.

4.: To develop students who will be adaptable to
technological changes.

COURSE OBJECTIVES: The course for the metal forming and

fabrication cluster will be directed toward the following

objectives:

broaden the student;li knowledge of the



167

available opportunities in the occOpations
found in the metal forming and fabrication
cluster.

2. To develop job entry skills and knowledge
for several occupations found in the metal
'forming and fabrication cluster.

3. To develop safe habits and Afavorable
attitude toward work in the metal forming
and fabrication cluster.

4. To develop a student's insight into the
sources of information that will be help-
ful to him as he moves through the occu-
pational areas.

The specific objectives for the course are the following:

1. To develop the student's competency in
the use of common hand tools found in
the Mlital forming.indIabrication cluster.

2. To develop the student's competency in
using power tools and equipment needed
for job entry into the occupations found
in the metal forming and eabrication cluster.

3. To develop the student's understanding
of the operations, procedures, and
processes associated with the metal forming
and fabrication cluster.

4. To develop safe working habits related to
the occupations within the metal forming and
fabrication cluster.

5. To familiarize the student with the term-
inology associated with the Metal forming
and fabrication cluster.

6. To develop an understanding of the resources
available to him in his pursuit of the course
as well as in his work following graduation.

PROCEDURE: It is recommended that the course be offered during

the student's junior and senior year in high school. Instruction

should be provided for two periods a day, five days a week,

during the school year. The Level I experiences were designed
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for the junior year (or first year) program and the Level II

experiences were designed for the second year or senior year

program.

The most appropriate facility would be a self-contained

laboratory unit containing the essential tools and equipment

necessary for teaching job entry tasks in the metal forming

and fabrication cluster.

The instructor: should be aperson with some experience

and competence in th:0:.occupations included in the cluster.

The course should be organized by the teacher on a multiple

activity basis with groups of students rotating through the

specific occupational areas. The common areas of human require-

ment needed to perform the tasks in the cluster should be

emphasized so that an.opportunity'is provided for the students

to transfer the common skill or knowledge from one occupation

to another.

The possibility of team teaching procedures would be

appropriate for the metal forming and fabrication cluster.

Specialists in.the different occupational areas would parti-

cipate in.the instructional program. The team teachers could

be other vocational teachers as well as competent individuals

from the community.

The instructor of the course.should coordinate his pro -

gram with other teachers in the school to develop the compe-

tencies in mathematics, science, and communication that will

be. needed for successful performance in the occupations found

in the metal forming and fabrication cluster. Community
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resources, such as local industries, employment agencies, and

tradesmen should be utilized to provide occupational infor-

mation and knowledge needed concerning the performance of the

tasks in the metal forming and fabrication cluster.

The course should be supplemented with field trips, films,

and other educational media. A suggested list is provided at

the end of each occupational area in the course outline.
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c
e
n
t
e
r
 
d
r
i
l
l
)
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
-

_
d
u
c
e
 
a
 
t
a
p
e
r
e
d
 
h
o
l
e
 
f
o
r
 
m
o
u
n
t
i
n
g

s
t
o
c
k
 
b
e
t
w
e
e
n
 
c
e
n
t
e
r
s
.

T
u
r
n
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e

a
 
c
y
l
i
n
d
e
r
i
c
a
l
 
s
h
a
p
e
 
t
o
 
.
0
0
1

o
f

a
n
 
i
n
c
h
.

P
.

T
u
r
n
i
n
g
 
s
t
o
c
k
 
o
n
 
t
h
e
 
l
a
t
h
e
 
t
o
 
p
r
o
-

d
u
c
e
 
a
 
s
h
o
u
l
d
e
r
 
t
o
 
.
0
0
1
 
o
f
 
a
n
 
i
n
c
h
.

Q
.

D
r
i
l
l
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e

a
 
h
o
l
e
 
t
o
 
.
0
0
5
o
f
 
a
n
 
i
n
c
h

R
.

R
e
a
m
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e

a
 
f
i
n
i
s
h
e
d
 
h
o
l
e
 
t
o
 
.
0
0
1
 
o
f
 
a
n

i
n
c
h
.

S
.

F
i
l
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e
 
a

f
i
n
i
s
h
e
d
 
s
u
r
f
a
c
e
.

T
.

S
e
t
t
i
n
g
 
d
e
p
t
h
 
o
f
 
c
u
t
 
f
o
r
 
f
i
n
i
s
h
e
d

c
u
t
.

U
.

R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
.

V
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s

A
.

B
.
C
.

D
.

E
.
F
.

G
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

C
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

d
e
c
i
m
a
l
s
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

f
r
a
c
t
i
o
n
s
.

D
.

C
o
m
p
u
t
i
n
g
 
f
e
e
d
s
 
a
n
d
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s

m
e
t
a
l
s
.

E
.

D
e
t
e
r
m
i
n
i
n
g
 
d
e
c
i
m
a
l
 
a
n
d
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i

e
q
u
i
v
a
l
e
n
t
s
 
f
r
o
m
 
c
h
a
r
t
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
g
e
a
r
 
a
n
d
 
p
u
l
l
e
y
 
d
r
i
v
e

r
a
t
i
o
s
.

B
.

E
x
p
l
a
i
n
i
n
g
 
h
e
a
t
 
t
r
a
n
s
f
e
r
 
a
s
 
i
t
 
r
e
l
a
t
e
s

t
o
 
c
o
o
l
a
n
t
s
.

C
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

D
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
h
e
a
t
 
g
e
n
e
r
a
t
e
d
 
o
n
 
t
h
e

d
e
a
d
 
c
e
n
t
e
r
 
o
f
 
t
h
e
 
l
a
t
h
e
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
h
o
l
d
i
n
g
 
w
o
r
k
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d
 
(
c
h
u
c
k
,
 
4
 
o
r
 
3
 
j
a
w
,

c
o
l
l
e
t
,
 
f
a
c
e
 
p
l
a
t
e
,
 
b
e
t
w
e
e
n
 
c
e
n
t
e
r
s
)

P
r
o
t
e
c
t
i
n
g
 
V
-
w
a
y
s
 
w
i
t
h
 
w
o
o
d
 
w
h
e
n
 
m
o
u
n
t
i
n
g
 
c
h
u
c
k
s
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
t
o
o
l
 
f
o
r
 
t
h
e
 
s
j
o
b
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
h
o
l
d
i
n
g
 
c
u
t
t
i
n
g
 
t
o
o
l
.

S
e
l
e
c
t
i
n
g
 
f
r
o
m
 
c
h
a
r
t
 
c
o
r
r
e
c
t
 
c
u
t
t
i
n
g
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.



S
e
l
e
c
t
i
n
g
 
d
i
r
e
c
t
i
o
n
 
o
f
 
c
u
t
.

R
e
m
o
v
i
n
g
 
a
n
d
 
d
i
s
p
o
s
i
n
g
 
o
f
 
c
h
i
p
s
 
t
o
 
k
e
e
p
 
w
o
r
k
 
a
r
e
a
 
c
l
e
a
r
 
a
n
d
 
f
r
e
e

f
r
o
m
 
d
a
n
g
e
r
.

J
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
 
o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:
 
(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g
 
a
l
l
 
t
o
o
l
s

b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,
 
m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s
 
a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s
 
s
t
o
p
p
e
d
,

u
s
i
n
g
 
o
n
l
y
 
s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,
 
m
a
i
n
t
a
i
n
i
n
g
 
a
l
l
 
s
a
f
e
t
y
 
g
u
a
r
d
s
.

K
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
.

L
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
l
u
b
r
i
c
a
n
t
 
f
o
r
 
d
e
a
d
 
c
e
n
t
e
r
.

M
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
t
y
p
e
 
o
f
 
f
i
l
e
.

N
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

T
u
r
n
i
n
g
 
a
 
f
a
c
e
d
 
s
u
r
f
a
c
e
 
o
n
 
t
h
e
 
l
a
t
h
e
.

B
.

T
u
r
n
i
n
g
 
a
 
c
y
l
i
n
d
e
r
 
o
n
 
t
h
e
 
l
a
t
h
e
 
b
e
t
w
e
e
n
 
c
e
n
t
e
r
s
.

C
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
f
r
o
m
 
c
h
a
r
t
s
.

D
.

C
o
m
p
u
t
i
n
g
 
c
u
t
t
i
n
g
 
s
p
e
e
d
s
 
a
n
d
 
f
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
 
o
n
 
t
h
e
 
l
a
t
h
e
.

E
.

T
u
r
n
i
n
g
 
a
 
f
i
n
i
s
h
e
d
 
s
h
o
u
l
d
e
r
 
o
n
 
t
h
e
 
l
a
t
h
e
.

F
.

M
a
c
h
i
n
i
n
g
 
a
 
p
a
r
t
 
t
h
a
t
 
h
a
s
 
a
 
r
e
a
m
e
d
 
f
i
n
i
s
h
e
d
 
h
o
l
e
.

G
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.

H
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e

m
a
c
h
i
n
e
d
.

I
.

C
h
a
n
g
i
n
g
 
g
e
a
r
s
 
a
n
d
 
p
u
l
l
e
y
 
d
r
i
v
e
s
 
o
n
 
t
h
e
 
l
a
t
h
e
.

J
.

P
r
a
c
t
i
c
i
n
g
 
r
e
a
d
i
n
g
 
t
h
e
 
m
i
c
r
o
m
e
t
e
r
 
t
o
 
d
e
v
e
l
o
p
 
c
o
m
p
e
t
a
n
c
e
 
i
n
 
i
t
s
 
u
s
e
.

K
.

T
u
r
n
i
n
g
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
 
o
n
 
t
h
e
 
l
a
t
h
e
 
t
o
 
d
e
t
e
r
m
i
n
e
 
t
h
e
i
r
 
m
a
c
h
i
n
a
b
i
l
i
t
y

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.

ey
w

rw
ev

w
w

q1
1



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
I
.

T
i
t
l
e
:

M
a
c
h
i
n
i
n
g
 
A
c
t
i
v
i
t
i
e
s
 
A
s
s
o
c
i
a
t
e
d
 
W
i
t
h
 
t
h
e
 
D
r
i
l
l
 
P
r
e
s
s

O
b
i
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
s
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
t
o

p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
o
p
e
r
a
-

t
i
o
n
s
 
o
n
 
t
h
e
 
d
r
i
l
l
 
p
r
e
s
s
:

d
r
i
l
l
i
n
g
,
 
r
e
a
m
i
n
g
,
 
c
o
u
n
t
e
r
s
i
n
k
i
n
g
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
 
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:
 
(
h
a
n
d

s
a
w
,
 
p
o
w
e
r
 
h
a
c
k
s
a
w
,
 
p
o
w
e
r

b
a
n
d
 
s
a
w
)
.

B
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
.
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
c
o
m
b
i
n
a
t
i
o
n
 
s
q
u
a
r
e
,

c
e
n
t
e
r
 
h
e
a
d
,
 
h
e
m
a
p
h
r
o
d
i
t
e
 
c
a
l
i
p
e
r
s
,

s
u
r
f
a
c
e
 
g
a
u
g
e
,
 
d
i
v
i
d
e
r
s
,
 
t
r
a
m
m
e
l

p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r
 
p
u
n
c
h
.

C
.

M
o
u
n
t
i
n
g
 
c
u
t
t
i
n
g
 
t
o
o
l
s
 
i
n
 
d
r
i
l
l

p
r
e
s
s
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n
 
p
r
o
p
e
r

s
p
i
n
d
l
e
 
s
p
e
e
d
s
.

M
o
u
n
t
i
n
g
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
 
o
n
 
d
r
i
l
l

p
r
e
s
s
 
(
v
i
s
e
,
 
v
e
e
 
b
l
o
c
k
,
 
c
l
a
m
p
s
,

a
n
g
l
e
 
p
l
a
t
e
,
 
j
i
g
s
 
a
n
d
 
f
i
x
t
u
r
e
s
)
.

F
.

C
l
e
a
n
i
n
g
 
m
a
c
h
i
n
e
 
w
i
t
h
 
r
a
g
 
a
n
d

b
r
u
s
h
 
f
o
r
 
a
c
c
u
r
a
t
e
 
s
e
t
 
u
p
.

M
o
u
n
t
i
n
g
 
w
o
r
k
 
i
n
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
:

(
v
i
s
e
,
 
v
e
e
 
b
l
o
c
k
s
,
 
c
l
a
m
p
s
,
 
a
n
g
l
e

p
l
a
t
e
,
 
j
i
g
s
 
a
n
d
 
f
i
x
t
u
r
e
s
)
.

H
.

A
d
j
u
s
t
i
n
g
 
d
e
p
t
h
 
s
t
o
p
 
f
o
r
 
s
p
e
c
i
f
i
c

d
e
p
t
h
 
h
o
l
e
.

I
.

P
o
s
i
t
i
o
n
i
n
g
 
s
t
o
p
 
b
l
o
c
k
s
 
f
o
r
 
m
u
l
t
i
p
l
e

d
r
i
l
l
i
n
g
 
o
f
 
p
a
r
t
s
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
a
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:
 
(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
o
f
 
p
a
r
t
,
 
s
i
z
e
 
a
n
d

d
e
p
t
h
 
o
f
 
h
o
l
e
,
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e

d
r
i
l
l
e
d
,
 
r
e
a
m
e
d
 
o
r
 
c
o
u
n
t
e
r
s
u
n
k
 
a
n
d

a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
)
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
h
o
l
e
 
w
i
t
h
:

(
i
n
s
i
d
e
 
m
i
c
r
o
m
e
t
e
r
,

p
l
u
g
 
g
a
u
g
e
,
 
o
r
 
t
e
l
e
s
c
o
p
i
c
 
g
a
u
g
e
)
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
,

C
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

d
e
c
i
m
a
l
s
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

f
r
a
c
t
i
o
n
s
.



J
.

C
e
n
t
e
r
i
n
g
 
w
o
r
k
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o

s
p
i
n
d
l
e
.

K
.

A
l
i
g
n
i
n
g
 
c
e
n
t
e
r
 
p
u
n
c
h
 
m
a
r
k
 
w
i
t
h

d
r
i
l
l
.

L
.

D
r
i
l
l
i
n
g
 
s
t
o
c
k
 
t
o
 
p
r
o
d
u
c
e
 
a
 
h
o
l
e
.

M
.

R
e
a
m
i
n
g
 
h
o
l
e
 
t
o
 
p
r
o
d
u
c
e
 
a
 
f
i
n
i
s
h
e
d

h
o
l
e
.

C
o
u
n
t
e
r
s
i
n
k
i
n
g
 
h
o
l
e
 
t
o
 
p
r
o
d
u
c
e
 
a

f
a
s
t
e
n
e
r
 
r
e
c
e
i
v
e
r
 
h
o
l
e
.

O
.
 
A
p
p
l
y
i
n
g
 
c
u
t
t
i
n
g
 
f
l
u
i
d
 
t
o
 
l
u
b
r
i
-

c
a
t
e
 
c
u
t
t
i
n
g
 
a
c
t
i
o
n
 
a
n
d
 
r
e
d
u
c
e

c
u
t
t
i
n
g
 
t
e
m
p
e
r
a
t
u
r
e
.

P
.

R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
.

Q
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
w
o
r
k
 
w
i
t
h

a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
o
r
 
o
l
d
 
d
r
i
l
l
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
p
u
l
l
e
y
 
d
r
i
v
e
 
r
a
t
i
o
s
.

B
.

E
x
p
l
a
i
n
i
n
g
 
h
e
a
t
 
t
r
a
n
s
f
e
r

a
s
 
i
t
 
r
e
l
a
t
e
s

t
o
 
c
o
o
l
a
n
t
s
.

C
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
h
e
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
d
r
i
l
l
,

r
e
a
m
e
r
,
 
o
r
 
c
o
u
n
t
e
r
s
i
n
d
 
a
c
c
o
r
d
i
n
g
 
t
o

s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

D
.

S
e
l
e
c
t
i
n
g
 
f
r
o
m
 
c
h
a
r
t
s

p
r
o
p
e
r
 
s
p
e
e
d
s
 
f
u
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

E
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
b
o
l
d
i
n
g
 
s
t
o
c
k
t
o
 
b
e
 
m
a
c
h
i
n
e
d
:

(
v
i
s
e
s
,
 
v
e
e
 
b
l
o
c
k
s
,

c
l
a
m
p
s
,
 
a
n
g
l
e
 
p
l
a
t
e
,
 
j
i
g
s
 
a
n
d
 
f
i
x
t
u
r
e
s
)

.

F
.

R
e
m
o
v
i
n
g
 
a
n
d
 
d
i
s
p
o
s
i
n
g
 
o
f
 
c
h
i
p
s
 
t
o
 
k
e
e
p
w
o
r
k
 
a
r
e
a
 
c
l
e
a
r
 
a
n
d
 
f
r
e
e
 
f
r
o
m

d
a
n
g
e
r
.

G
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
 
w
h
e
n

o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:

(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g
 
a
l
l
 
t
o
o
l
s

b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,
 
m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s

a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s
 
s
t
o
p
p
e
d
.

u
s
i
n
g
 
o
n
l
y
 
s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,
 
m
a
i
n
t
a
i
n
i
n
g
a
l
l
 
s
a
f
e
t
y
 
g
u
a
r
d
s
.

H
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
 
f
o
r
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

I
.

A
d
j
u
s
t
i
n
g
 
t
a
b
l
e
 
f
o
r
 
a
n
g
u
l
a
r
 
d
r
i
l
l
i
n
g
.

J
.

S
e
l
e
c
t
i
n
g
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
f
o
r
 
r
e
m
o
v
i
n
g

b
u
r
r
s
.



S
u
g
m
a
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e

m
a
c
h
i
n
e
d
.

B
.

M
e
a
s
u
r
i
n
g
 
t
h
e
 
d
i
m
e
n
s
i
o
n
s
 
o
f
 
v
a
r
i
o
u
s
 
s
i
z
e
 
h
o
l
e
s
 
w
i
t
h
 
i
n
s
i
d
e
 
m
i
c
r
o
m
e
t
e
r
.

C
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
.

D
.

M
a
d
h
i
n
i
n
g
 
s
t
o
c
k
 
t
o
 
p
r
o
d
u
c
e
 
a
 
c
o
u
n
t
e
r
s
u
n
k
 
h
o
l
e
 
w
i
t
h
 
a
 
f
i
n
i
d
h
e
d
 
s
u
r
f
a
c
e
.

E
.

C
h
a
n
g
i
n
g
 
t
h
e
 
b
e
l
t
s
 
o
n
 
t
h
e
 
p
u
l
l
e
y
 
d
r
i
v
e
.

F
.

D
r
i
l
l
i
n
g
 
v
a
r
i
o
u
s
 
k
i
n
d
s
 
o
f
 
m
e
t
a
l
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
d
h
a
r
a
c
t
e
r
-

i
s
t
i
c
s
.

G
.

C
h
e
c
k
i
n
g
 
t
h
e
 
s
q
u
a
r
e
n
e
s
s
 
o
f
 
t
h
e
 
d
r
i
l
l
 
w
i
t
h
 
t
h
e
 
b
e
d
 
o
f
 
t
h
e
 
t
a
b
l
e
 
w
i
t
h
 
a

s
q
u
a
r
e
.

U
'



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
I
I

T
i
t
l
e
:

M
a
c
h
i
n
i
n
g
 
A
c
t
i
v
i
t
i
e
s
 
P
e
r
f
o
r
m
e
d
 
o
n
 
t
h
e
 
B
e
n
c
h
 
G
r
i
n
d
e
r
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
a
n
 
i
n
d
i
v
i
d
u
a
l
s
 
c
a
p
a
b
i
l
i
t
y
 
t
o
 
p
e
r
f
o
r
m
 
t
h
e

f
o
l
l
o
w
i
n
g
 
o
p
e
r
a
t
i
o
n
s
 
o
n

t
h
e
 
b
e
n
c
h
 
g
r
i
n
d
e
r
:

r
e
m
o
v
i
n
g
 
e
x
c
e
s
s
 
m
e
t
a
l
 
a
n
d
 
s
h
a
r
p
e
n
i
n
g
 
t
o
o
l
s
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
a
:

A
.

G
r
i
n
d
i
n
g
 
e
x
c
e
s
s
 
m
e
t
a
l
.

B
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
f
i
n
i
s
h
e
d
 
w
o
r
k

w
i
t
h
 
a
 
f
i
l
e
 
o
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

C
.

G
r
i
n
d
i
n
g
 
s
c
r
i
b
e
r
 
t
o
 
c
o
r
r
e
c
t
 
p
o
i
n
t
.

D
.

M
o
u
n
t
i
n
g
 
d
r
i
l
l
 
i
n
 
d
r
i
l
l
 
b
i
t
 
a
t
t
a
d
h
-

m
e
n
t
.

E
.

G
r
i
n
d
i
n
g
 
d
r
i
l
l
 
b
i
t
s
 
t
o
 
s
p
e
c
i
f
i
e
d

a
n
g
l
e
s
 
a
n
d
 
c
l
e
a
r
a
n
c
e
s
.

F
.

G
r
i
n
d
i
n
g
 
l
a
t
h
e
 
t
o
o
l
s
 
t
o
 
c
o
r
r
e
c
t

a
n
g
l
e
s
 
a
n
d
 
c
l
e
a
r
a
n
c
e
s
.

G
.

G
r
i
n
d
i
n
g
 
v
a
r
i
o
u
s
 
s
h
a
p
e
d
 
c
h
i
s
e
l
s

o
n

a
 
g
r
i
n
d
e
r
 
t
o
 
c
o
r
r
e
c
t
 
a
n
g
l
e
s
.

H
.

G
r
i
n
d
i
n
g
 
c
e
n
t
e
r
 
p
u
n
c
h
 
t
o
 
c
o
r
r
e
c
t

a
n
g
l
e
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
a
:

C
o
m
m
u
n
i
c
a
t
i
o
n
s
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
u
r
f
a
c
e
s
 
t
o
-
b
e
 
g
r
o
u
n
d
,
 
d
i
m
e
n
s
i
o
n
s
,

t
y
p
e
 
f
i
n
i
s
h
 
r
e
q
u
i
r
e
d
)
.

B
.

R
e
a
d
i
n
g
 
w
o
r
k
i
n
g
 
d
r
a
w
i
n
g
,
 
b
l
u
e
p
r
i
n
t
,

o
r

t
e
x
t
 
t
o
 
d
e
t
e
r
m
i
n
e
 
a
n
g
l
e
s
 
t
o
o
l
s

a
r
e
 
t
o

b
e
 
s
h
a
r
p
e
n
e
d
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

C
h
e
c
k
i
n
g
 
d
r
i
l
l
 
b
i
t
 
a
n
g
l
e
s
 
w
i
t
h

a
 
d
r
i
l
l

b
i
t
 
g
a
u
g
e
.

B
.

C
h
e
c
k
i
n
g
 
a
n
g
l
e
 
o
f
 
c
e
n
t
e
r
 
p
u
n
c
h
 
w
i
t
h
a

c
e
n
t
e
r
 
g
a
u
g
e
.

C
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
w
i
t
h
:

(
v
e
r
n
i
e
r
 
c
a
l
i
-

p
e
r
s
,
 
o
u
t
s
i
d
e
 
c
a
l
i
p
e
r
s
,
 
a
n
d
 
s
c
a
l
e
,
 
o
u
t
-

s
i
d
e
 
m
i
c
r
o
m
e
t
e
r
)
.



M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
a
n
g
l
e
s
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
q
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:

(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g

a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g
 
a
l
l

t
o
o
l
s
 
b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,

m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s
 
a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s

s
t
o
p
p
e
d
,
 
u
s
i
n
g
 
o
n
l
y
 
s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,

m
a
i
n
t
a
i
n
i
n
g
 
a
l
l
 
s
a
f
e
t
y
 
g
u
a
r
d
s
.

B
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
g
r
i
n
d
i
n
g
 
w
h
e
e
l
 
a
p
p
r
o
p
r
i
a
t
e

f
o
r
 
f
i
n
i
s
h
 
c
a
l
l
e
d
 
f
o
r

f
r
o
m
 
w
o
r
k
i
n
g
 
d
r
a
w
i
n
g
.

C
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
c
u
t
t
i
n
g
 
a
n
g
l
e
s

f
o
r
 
s
p
e
c
i
f
i
c
 
m
a
t
e
r
i
a
l
s
.

S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o

i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

G
r
i
n
d
i
n
g
 
o
l
d
 
d
r
i
l
l
s
 
t
o
 
v
a
r
i
o
u
s
 
a
n
g
l
e
s
 
a
n
d
t
e
s
t
i
n
g
 
t
h
e
i
r
 
m
a
c
h
i
n
i
n
g

q
u
a
l
i
t
i
e
s
.

B
.

C
h
e
c
k
i
n
g
 
v
a
r
i
o
u
s
 
t
o
o
l
 
a
n
g
l
e
s
 
i
n
 
t
o
o
l
 
c
a
b
i
n
e
t

a
g
a
i
n
s
t
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
f
o
r

t
h
o
s
e
 
t
o
o
l
s
.

C
.

R
e
a
d
i
n
g
 
d
r
a
w
i
n
g
s
,
 
t
e
x
t
s
 
a
n
d
 
b
l
u
e
p
r
i
n
t
s
f
o
r
 
c
o
r
r
e
c
t
 
a
n
g
l
e
s
 
f
o
r
 
t
o
o
l
s
.

D
.

G
r
i
n
d
i
n
g
 
m
a
t
e
r
i
a
l
s
 
u
n
d
e
r
 
s
p
e
c
i
f
i
e
d
 
p
r
e
s
s
u
r
e
s

t
e
s
t
i
n
g
 
t
h
e
 
h
e
a
t

g
e
n
e
r
a
t
e
d
 
w
i
t
h
 
a
 
c
o
n
t
a
c
t
 
t
h
e
r
m
o
m
e
t
e
r
.



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
V

T
i
t
l
e
:

M
a
c
h
i
n
i
n
g
 
A
c
t
i
v
i
t
i
e
s
 
P
e
r
f
o
r
m
e
d
 
o
n
 
t
h
e
 
S
h
a
p
e
r
.

=
m
u
m
:
 
T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
t
o
 
p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
o
p
e
r
a
-

t
i
o
n
s
 
o
n
 
t
h
e
 
s
h
a
p
e
r
:

m
a
c
h
i
n
i
n
g
 
a
 
f
l
a
t
 
s
u
r
f
a
c
e
 
a
n
d
 
m
a
c
h
i
n
i
n
g
 
p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
a
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
s
u
r
f
a
c
e
 
g
a
u
g
e
,

d
i
v
i
d
e
r
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r
 
p
u
n
c
h
)

.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,
 
p
o
w
e
r
 
h
a
c
k

s
a
w
,
 
p
o
w
e
r

b
a
n
d
 
s
a
w
)
.

C
.

C
l
e
a
n
i
n
g
 
m
a
c
h
i
n
e
 
t
o
 
o
b
t
a
i
n
 
a
n

a
c
c
u
r
a
t
e
 
s
e
t
u
p
.

D
.

M
o
u
n
t
i
n
g
 
s
t
a
c
k
 
o
n
 
s
h
a
p
e
r
 
w
i
t
h

c
l
a
m
p
s
 
o
r
 
i
n
 
v
i
s
e
.

E
.

M
o
u
n
t
i
n
g
 
c
u
t
t
i
n
g
 
t
o
o
l
 
i
n
 
t
o
o
l

h
o
l
d
e
r
.

F
.

A
d
j
u
s
t
i
n
g
 
p
o
s
i
t
i
o
n
 
o
f
 
r
a
m

a
c
c
o
r
d
i
n
g
 
t
o
 
s
i
z
e
 
o
f
 
m
a
t
e
r
i
a
l

b
e
i
n
g
 
m
a
c
h
i
n
e
d
.

G
.

A
d
j
u
s
t
i
n
g
 
l
e
n
g
t
h
 
o
f
 
t
h
e
 
s
t
r
o
k
e

o
f
 
t
h
e
 
r
a
m
.

H
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n

p
r
o
p
e
r
 
r
a
m
 
s
p
e
e
d
 
a
n
d
 
f
e
e
d
 
o
f

s
h
a
p
e
r
 
a
c
c
o
r
d
i
n
g
 
t
o
 
s
i
z
e
 
a
n
d

t
y
p
e
 
o
f
 
m
a
t
e
r
i
a
l
 
b
e
i
n
g
 
m
a
c
h
i
n
e
d
.

I
.

A
l
i
g
n
i
n
g
 
c
u
t
t
i
n
g
 
t
o
o
l
 
w
i
t
h
 
s
t
o
c
k

t
o
 
b
e
 
m
a
c
h
i
n
e
d
 
a
c
c
o
r
d
i
n
g
 
t
o
 
a
n
g
l
e

a
n
d
 
d
e
p
t
h
 
o
f
 
c
u
t
.

'
4.

4.
4,

,,A
11

.1
04

3.
1.

41
1.

...
64

44
.4

44
4.

04
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
a
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
'
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d
 
a
c
c
u
r
a
c
y
 
r
e
-

q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d
,

a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
.

f
t
g
o
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
s
i
z
e
 
w
i
t
h
:

(
r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
o
u
t
s
i
d
e
 
m
i
c
r
o
m
e
t
e
r
)
.

B
.

R
e
a
d
i
n
g
 
g
r
a
d
u
a
t
i
o
n
s
 
o
n
 
c
r
o
s
s
 
f
e
e
d
 
s
c
r
e
w

t
o
 
d
e
t
e
r
m
i
n
e
 
d
e
p
t
h
 
o
f
 
c
u
t
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

C
.

C
o
m
p
u
t
i
n
g
 
r
a
m
 
s
p
e
e
d
 
a
n
d
 
f
e
e
d
 
o
f
 
s
h
a
p
e
r

a
c
c
o
r
d
i
n
g
 
t
o
 
s
i
z
e
 
a
n
d
 
t
y
p
e
 
o
f
 
m
a
t
e
r
i
a
l

b
e
i
n
g
 
m
a
c
h
i
n
e
d
.

ro
t4

.4
44

.4
.4

.4
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4
4
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S
e
t
t
i
n
g
 
d
e
p
t
h
 
o
f
 
c
u
t
 
f
o
r
 
r
o
u
g
h
i
n
g

c
u
t
.

M
i
C
h
i
n
i
n
g
 
a
 
f
l
a
t
 
s
u
r
f
a
c
e
.

M
a
c
h
i
n
i
n
g
 
t
w
o
 
p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
.

S
e
t
t
i
n
g
 
d
e
p
t
h
 
o
f
 
c
u
t
 
f
o
r
 
f
i
n
i
s
h
e
d

c
u
t
.

R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
f
i
n
i
s
h
e
d
 
w
o
r
k

w
i
t
h
 
a
 
f
i
l
e
 
o
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

B
.

E
x
p
l
a
i
n
i
n
g
 
h
e
a
t
 
t
r
a
n
s
f
e
r
 
a
s
 
i
t
 
r
e
l
a
t
e
s

t
o
 
c
o
o
l
a
n
t
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e

t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r

t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
m
o
u
n
t
i
n
g
 
w
o
r
k
:

(
v
i
s
e
 
o
r
 
c
l
a
m
p
s
)
.

D
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
t
o
o
l
s
 
f
o
r
 
t
h
e

j
o
b
.

E
.

R
e
m
o
v
i
n
g
 
a
n
d
 
d
i
s
p
o
s
i
n
g
 
o
f
 
c
h
i
p
s
 
t
o
 
k
e
e
p
w
o
r
k
 
a
r
e
a
 
c
l
e
a
r
 
a
n
d
 
f
r
e
e

f
r
o
m
 
d
a
n
g
e
r
.

P
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e

a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g

b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,
 
m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s

a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s

u
s
i
n
g
 
o
n
l
y
 
s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,
 
m
a
i
n
t
a
i
n
i
n
g
a
l
l
 
s
a
f
e
t
y
 
g
u
a
r
d
s
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
t
y
p
e
 
o
f
 
f
i
l
e
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

(
w
e
a
r
i
n
g

a
l
l
 
t
o
o
l
s

s
t
o
p
p
e
d
,



S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
p
a
r
t
.

B
.

M
e
a
s
u
r
i
n
g
 
m
a
c
h
i
n
e
d
 
p
a
r
t
s
 
w
i
t
h
 
a
 
m
i
c
r
o
m
e
t
e
r
 
f
o
r
 
p
r
a
c
t
i
c
e
.

C
.

C
h
e
c
k
i
n
g
 
a
c
c
u
r
a
c
y
 
o
f
 
c
r
o
s
s
 
f
e
e
d
 
s
c
r
e
w
 
b
y
 
m
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
b
e
f
o
r
e

m
a
c
h
i
n
i
n
g
 
a
n
d
 
a
f
t
e
r
,
 
c
o
u
n
t
i
n
g
 
n
u
m
b
e
r
 
o
f
 
t
u
r
n
s
 
o
f
 
s
c
r
e
w
.

D
.

C
h
e
c
k
i
n
g
 
h
e
a
t
 
g
e
n
e
r
a
t
e
d
 
w
i
t
h
 
a
 
c
o
n
t
a
c
t
 
t
h
e
r
m
o
m
e
t
e
r
 
a
t
d
i
f
f
e
r
e
n
t
 
d
e
p
t
h
s

o
f
 
c
u
t
 
a
n
d
 
d
i
f
f
e
r
e
n
t
 
s
p
e
e
d
s
.

E
.

C
h
e
c
k
i
n
g
 
s
a
f
e
t
y
 
p
r
a
c
t
i
c
e
d
 
b
y
 
d
i
f
f
e
r
e
n
t
 
s
t
u
d
e
n
t
s
 
a
g
a
i
n
s
t
e
s
t
a
b
l
i
s
h
e
d

s
t
a
n
d
a
r
d
s
.

F
.

C
o
m
p
u
t
i
n
g
 
t
h
e
 
c
u
t
t
i
n
g
 
f
e
e
d
s
 
a
n
d
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
 
a
n
d
 
c
o
m
p
a
r
e

t
h
e
m
 
w
i
t
h
 
c
h
a
r
t
 
r
a
t
i
n
g
s
.

G
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.

W
ur

ge
m

ir
oo

m
m

vi
lip

m
ee

rw
m

.r
w

er
sp

ri
rr

ep
ow

,y
ei

r,
..e

vr
T

W
,..

.A
.1
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17

0.
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M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
y

T
i
t
l
e
:

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n
 
P
e
r
t
a
i
n
i
n
g
 
t
o
M
a
c
h
i
n
i
n
g
 
a
n
d
 
R
e
l
a
t
e
d
 
O
c
c
u
p
a
t
i
o
n
s
.

O
b
j
e
c
t
i
v
e
_
:

T
o
 
a
c
q
u
a
i
n
t
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
w
i
t
h

t
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
m
a
c
h
i
n
i
n
g
 
a
n
d

r
e
l
a
t
e
d

o
c
c
u
p
a
t
i
o
n
s
.

O
c
c
u
p
a
t
i
o
n
a
l
,
 
I
n
f
o
r
r
n
a
t
i
o
n

O
b
t
a
i
n
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e
 
w
a
g
e
s
 
s
c
a
1
e
.

T
h
e
 
t
y
p
e
s
 
o
f
 
t
r
a
i
n
i
n
g
 
a
v
a
i
l
a
b
l
e
.

D
.

T
h
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
e
x
p
e
r
i
e
n
c
e
d

i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

E
.

T
h
e
 
p
h
y
s
i
c
a
l
 
a
n
d
 
m
e
n
t
a
l

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
n
e
e
d
e
d
 
f
o
r
 
q
u
a
l
i
f
i
c
a
t
i
o
n
f
o
r

e
m
p
l
o
y
m
e
n
t
.

F
.

T
h
e
 
g
e
o
g
r
a
p
h
i
c
a
l
 
l
o
c
a
t
i
o
n
 
o
f
 
e
m
p
l
o
y
m
e
n
t
.

G
.

T
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
v
a
n
c
e
m
e
n
t
.

H
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f

t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

I
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
w
o
r
k
 
i
n
v
o
l
v
e
d
 
i
n

t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

J
.

T
h
e
 
u
n
i
o
n
 
i
n
v
o
l
v
e
m
e
n
t
 
i
n
 
t
h
e

o
c
c
u
p
a
t
i
o
n
.

K
.

T
h
e
 
m
e
a
n
s
 
o
f
 
e
n
t
r
y
 
i
n
t
o
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.



S
u
m
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s
 
p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s

m
a
y
 
a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

W
r
i
t
i
n
g
 
s
p
e
c
i
f
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
t
h
e
 
o
c
c
u
p
a
-

t
i
o
n
s
 
o
f
 
t
h
e
 
m
e
t
a
l
 
f
o
r
m
i
n
g
 
a
n
d
 
f
a
b
r
i
c
a
t
i
o
n
 
c
l
u
s
t
e
r
.

B
.

V
i
s
i
t
i
n
g
 
a
n
 
o
f
f
i
c
e
 
o
f
 
t
h
e
 
S
t
a
t
e
 
E
m
p
l
o
y
m
e
n
t
 
S
e
r
v
i
c
e
.

C
.

L
i
s
t
e
n
i
n
g
 
t
o
 
a
 
s
p
e
a
k
e
r
 
f
r
o
m
 
a
 
t
r
a
d
e
 
u
n
i
o
n
.

D
.

W
r
i
t
i
n
g
 
l
e
t
t
e
r
s
 
t
o
 
c
o
r
r
e
s
p
o
n
d
e
n
c
e
 
a
n
d
 
t
r
a
d
e
 
s
c
h
o
o
l
s
 
i
n
 
o
r
d
e
r
 
t
o
 
d
e
t
e
r
-

m
i
n
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l
 
t
r
a
i
n
i
n
g
.

E
.

V
i
s
i
t
i
n
g
 
a
 
s
c
h
o
o
l
 
f
o
r
 
a
p
p
r
e
n
t
i
c
e
s
.

F
.

V
i
s
i
t
i
n
g
 
a
 
m
a
c
h
i
n
i
n
g
 
i
n
d
u
s
t
r
y
.

G
.

W
a
t
c
h
i
n
g
 
m
o
v
i
e
s
 
o
n
 
m
a
c
h
i
n
i
n
g
 
a
c
t
i
v
i
t
i
e
s
.

H
.

R
e
a
d
i
n
g
 
t
h
e
 
O
c
c
u
p
a
t
i
o
n
a
l
 
O
u
t
l
o
o
k
 
H
a
n
d
b
o
o
k
.



LEVEL II EXPERIENCES

SECOND YEAR PROGRAM



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
-
-
 
L
E
V
E
L

I
I

U
n
i
t
'

T
i
t
l
e
:

M
a
c
h
i
n
i
n
g
 
A
c
t
i
v
i
t
i
e
s
 
P
e
r
f
o
r
m
e
d
 
o
n
t
h
e
 
L
a
t
h
e
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e

i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
t
o

p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
o
p
e
r
a
-

t
i
o
n
s
 
o
n
 
t
h
e
 
l
a
t
h
e
:

b
o
r
i
n
g
,
 
c
n
u
n
t
e
r
b
o
r
i
n
g
,

p
a
r
t
i
n
g
 
a
n
d
 
n
e
c
k
i
n
g
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
 
u
l
a
t
i
v
e

L
e
a
r
n
i
n
g
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
c
o
m
b
i
n
a
t
i
o
n
 
s
q
u
a
r
e
,

c
e
n
t
e
r
 
h
e
a
d
,
 
h
e
r
m
a
p
h
r
o
d
i
t
e

c
a
l
i
-

p
e
r
s
,
 
s
u
r
f
a
c
e
 
g
a
u
g
e
,

d
i
v
i
d
e
r
s
,

t
r
a
m
m
e
l
 
p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r

p
u
n
c
h
)
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,
 
p
o
w
e
r
 
h
a
c
k
 
s
a
w
,
 
p
o
w
e
r

b
a
n
d
 
s
a
w
)
.

C
.

C
l
e
a
n
i
n
g
 
m
a
c
h
i
n
e
 
t
o
 
o
b
t
a
i
n
 
a
n

a
c
c
u
r
a
t
e
 
s
e
t
u
p
.

D
.

M
o
u
n
t
i
n
g
 
(
c
h
u
c
k
,
 
c
o
l
l
e
t
,
 
f
a
c
e

p
l
a
t
e
,
 
c
e
n
t
e
r
s
)
 
o
n
 
l
a
t
h
e
.

E
.

A
p
p
l
y
i
n
g
 
l
u
b
r
i
c
a
n
t
 
t
o
 
t
h
e
 
d
e
a
d

_
c
e
n
t
e
r
s
 
o
n
 
t
h
e
 
l
a
t
h
e
.

F
.

M
o
u
n
t
i
n
g
 
.
s
t
o
c
k
 
o
n
 
t
h
e
 
l
a
t
h
e
 
w
i
t
h
:

(
c
h
u
c
k
,
 
3
 
o
r
 
4
 
j
a
w
,
 
c
o
l
l
e
t
,
 
f
a
c
e

p
l
a
t
e
,
 
b
e
t
w
e
e
n
 
c
e
n
t
e
r
s
)
.

G
.

M
o
u
n
t
i
n
g
 
c
u
t
t
i
n
g
 
t
o
o
l
 
i
n
 
h
o
l
d
e
r
.

H
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n
 
p
r
o
p
e
r

s
p
i
n
d
l
e
 
s
p
e
e
d
.

I
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n
 
p
r
o
p
e
r

f
e
e
d
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f

w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d
 
a
c
c
u
r
a
c
y
 
r
e
-

q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
m
a
c
h
i
n
e
d
,

a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e

s
i
z
e

(
r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
o
u
t
s
i
d
e
 
c
a
l
i
p
e
r
s
,

m
e
t
e
r
,
 
i
n
s
i
d
e
)
.

B
.

R
e
a
d
i
n
g
 
g
r
a
d
u
a
t
i
o
n
s
 
o
n
 
t
a
i
l

s
t
o
c
k

d
e
t
e
r
m
i
n
e
 
d
e
p
t
h
 
o
f
 
t
h
e
 
h
o
l
e
.

M
a
t
h
e
m
a
t
i
c
s
:

w
i
t
h
:

m
i
c
r
o
-

t
o

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s

(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s

(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

C
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f
 
d
e
c
i
-

m
a
l
s
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
o
f
 
f
r
a
c
t
i
o
n
s
.



S
e
t
t
i
n
g
 
d
e
p
t
h
 
o
f
 
c
u
t
 
f
o
r
 
r
o
u
g
h
i
n
g
.

A
p
p
l
y
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
 
t
o
 
l
u
b
r
i
c
a
t
e

c
u
t
t
i
n
g
 
a
c
t
i
o
n
 
a
n
d
 
r
e
d
u
c
e
 
c
u
t
t
i
n
g

t
e
m
p
e
r
a
t
u
r
e
.

L
.

B
o
r
i
n
g
 
s
t
o
c
k
 
o
n
 
t
h
e
 
l
a
t
h
e
 
t
o
 
p
r
o
-

d
u
c
e
 
a
n
 
e
n
l
a
r
g
e
d
 
h
o
l
e
 
t
o
 
.
0
0
1
 
o
f

a
n
 
i
n
c
h
.

C
o
u
r
f
z
e
r
b
o
r
i
n
g
 
s
t
o
c
k
 
o
n
 
t
h
e
 
l
a
t
h
e

t
o
 
p
r
o
d
u
c
e
 
a
 
r
e
c
e
s
s
e
d
 
h
o
l
e
 
t
o

.
0
0
1

o
f
 
a
n
 
i
n
c
h
.

N
.

P
a
r
t
i
n
g
 
s
t
o
c
k
 
o
n
 
t
h
e
 
l
a
t
h
e
 
t
o
 
p
r
o
-

d
u
d
e
 
a
 
p
i
e
c
e
 
w
i
t
h
i
n
 
1
/
3
2
 
o
f
 
a
n
 
i
n
c
h

i
n
 
l
e
n
g
t
h
.

0
.

N
e
c
k
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e
 
a

n
e
c
k
e
d
 
s
h
a
p
e
 
t
o
 
1
/
3
2
 
o
f
 
a
n
 
i
n
c
h
.

P
.

S
e
t
t
i
n
g
 
d
e
p
t
h
 
o
f
 
c
u
t
 
f
o
r
 
f
i
n
i
s
h
e
d

c
u
t
.

Q
.

R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
.

R
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
.

D
.

C
o
m
p
u
t
i
n
g
 
f
e
e
d
s
 
a
n
d
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s

m
e
t
a
l
s
.

E
.

D
e
t
e
r
m
i
n
i
n
g
 
d
e
c
i
m
a
l
 
a
n
d
 
f
r
a
c
t
i
o
n
a
l

e
q
u
i
v
a
l
e
n
t
s
 
f
r
o
m
 
c
h
a
r
t
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
g
e
a
r
 
a
n
d
 
p
u
l
l
e
y
 
d
r
i
v
e
 
r
a
t
i
o
s
.

B
.

E
x
p
l
a
i
n
i
n
g
 
h
e
a
t
 
t
r
a
n
s
f
e
r
 
a
s
 
i
t
 
r
e
l
a
t
e
s

t
o
 
c
o
o
l
a
n
t
s
.

C
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

D
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
h
e
a
t
 
g
e
n
e
r
a
t
e
d
 
o
n
 
t
h
e

d
e
a
d
 
c
e
n
t
e
r
 
o
f
 
t
h
e
 
l
a
t
h
e
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
b
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
'
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
h
o
l
d
i
n
g
 
w
o
r
k
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d

(
c
h
u
c
k
,
 
4
 
o
r
 
3
 
j
a
w
,

c
o
l
l
e
t
,
 
f
a
c
e
 
p
l
a
t
e
,
 
b
e
t
w
e
e
n
 
c
e
n
t
e
r
s
)
'
.
.

D
.

P
r
o
t
e
c
t
i
n
g
 
V
.
-
w
a
y
s
 
w
i
t
h
 
w
o
o
d
 
w
h
e
n
 
m
o
u
n
t
i
n
g
 
c
h
u
c
k
s
.

E
.

S
e
l
e
c
t
i
n
'
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
t
o
o
l
 
f
o
r
 
t
h
e
 
j
o
b
.

F
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
h
o
l
d
i
n
g
 
c
u
t
t
i
n
g
 
t
o
o
l
.

G
.

S
e
l
e
c
t
i
n
g
 
f
r
o
m
 
c
h
a
r
t
 
c
o
r
r
e
c
t
 
c
u
t
t
i
n
g
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

S
e
l
e
c
t
i
n
g
 
d
i
r
e
c
t
i
o
n
 
o
f
 
c
u
t
.

I
.

R
e
m
o
v
i
n
g
 
a
n
d
 
d
i
s
p
o
s
i
n
g
 
o
f
 
c
h
i
p
s
 
t
o
 
k
e
e
p
 
w
o
r
k
 
a
r
e
a
 
c
l
e
a
r
 
a
n
d

f
r
e
e

f
r
o
m
 
d
a
n
g
e
r
.

J
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
 
w
h
e
n

o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:

(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e

a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g
 
a
l
l

t
o
o
l
s
 
b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,

m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s
 
a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s

s
t
o
p
p
e
d
,
 
u
s
i
n
g
 
o
n
l
y
 
s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,

m
a
i
n
t
a
i
n
i
n
g
 
a
l
l
 
s
a
f
e
t
y
 
g
u
a
r
d
s
.

I-
1

C
O



K
.

S
e
l
e
c
t
i
n
g
p
r
o
p
e
r

c
u
t
t
i
n
g
 
f
l
u
i
d
s
.

L
.

S
e
l
e
c
t
i
n
g
p
r
o
p
e
r

l
u
b
r
i
c
a
n
t
 
f
o
r
 
d
e
a
d
 
c
e
n
t
e
r
.

M
.

S
e
l
e
c
t
i
n
g
p
r
o
p
e
r

t
y
p
e
 
o
f
 
f
i
l
e
.

N
.

S
e
l
e
c
t
i
n
g
p
r
o
p
e
r

a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

k
i
.
g
g
e
s
_
t
t
 
_
e
d
 
S
t
u
d
e
n
t
 
A
g
l
i
y
i
t
g

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e

a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s

t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

B
o
r
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e

a
n
 
e
n
l
a
r
g
e
d
 
h
o
l
e
.

B
.

C
o
u
n
t
e
r
b
o
r
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e

a
 
r
e
c
e
s
s
e
d
 
h
o
l
e
.

C
.

P
a
r
t
i
n
g
 
s
t
o
c
k
 
o
n
 
t
h
e
 
l
a
t
h
e
.

D
.

N
e
c
k
i
n
g
 
s
t
o
c
k
 
o
n
 
l
a
t
h
e
 
t
o
 
p
r
o
d
u
c
e

a
 
n
e
c
k
e
d
 
s
h
a
p
e
.

E
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
a
l
a
n
t
s
.

F
.

R
e
a
d
i
n
g
 
g
r
a
d
u
a
t
i
o
n
s

o
n
 
t
a
i
l
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
d
e
p
t
h
 
o
f
 
c
u
t
.

G
.

A
p
p
l
y
i
n
g
 
c
o
o
l
a
n
t
s
 
t
o
 
d
i
f
f
e
r
e
n
t
 
m
e
t
a
l
s
w
h
i
l
e
 
b
e
i
n
g
 
m
a
c
h
i
n
e
d
 
a
n
d

m
e
a
s
u
r
i
n
g
 
t
h
e
 
c
u
t
t
i
n
g
 
t
e
m
p
e
r
a
t
u
r
e
 
w
i
t
h
a
 
c
o
n
t
a
c
t
 
t
h
e
r
m
o
m
e
t
e
r
 
a
t

s
p
e
c
i
f
i
e
d
 
c
u
t
t
i
n
g
 
d
e
p
t
h
s
.

H
.

C
o
m
p
u
t
i
n
g
 
f
e
e
d
s
 
a
n
d
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
m
e
t
a
l
s
.



M
A
C
H
I
N
I
N
G
.
 
E
X
P
E
R
I
E
N
C
E
S

-
L
E
V
E
L
 
I
I

U
n
i
t
 
I
I

M
a
d
h
i
n
i
n
g
 
A
c
t
i
v
i
t
i
e
s
 
P
e
r
f
o
r
m
e
d
 
o
n
 
t
h
e
 
D
r
i
l
l
 
P
r
e
s
s
.

O
b
i
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
.
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
t
o
 
p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
o
p
e
r
a
-

t
i
o
n
s
 
o
n
 
t
h
e
 
d
r
i
l
l
 
p
r
e
s
s
.
:

s
p
o
t
 
f
a
c
i
n
g
 
a
n
d
 
c
o
u
n
t
e
r
b
o
r
i
n
g
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

M
o
u
n
t
i
n
g
 
c
u
t
t
i
n
g
 
t
o
o
l
s
 
i
n
 
d
r
i
l
l

p
r
e
s
s
.

B
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n
 
p
r
o
p
e
r

s
p
i
n
d
l
e
 
s
p
e
e
d
s
.

C
.

M
o
u
n
t
i
n
g
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
 
o
n
 
d
r
i
l
l

p
r
e
s
s
 
(
v
i
s
e
,
 
v
e
e
 
b
l
o
c
k
,
 
c
l
a
m
p
s
,

a
n
g
l
e
 
p
l
a
t
e
,
 
j
i
g
s
 
a
n
d
 
f
i
x
t
u
r
e
s
)
.

C
l
e
a
n
i
n
g
 
m
a
c
h
i
n
e
 
w
i
t
h
 
r
a
g
 
a
n
d

b
r
u
s
h
 
f
o
r
 
a
c
c
u
r
a
t
e
 
s
e
t
u
p
.

E
.

A
d
j
u
s
t
i
n
g
 
d
e
p
t
h
 
s
t
o
p
 
f
o
r
 
s
p
e
c
i
f
i
c

d
e
p
t
h
 
h
o
l
e
.

F
.

P
o
s
i
t
i
o
n
i
n
g
 
s
t
o
p
 
b
l
o
c
k
s
 
f
o
r
 
m
u
l
t
i
-

p
l
e
 
m
a
c
h
i
n
i
n
g
 
o
f
 
p
a
r
t
s
.

C
e
n
t
e
r
i
n
g
 
w
o
r
k
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o

s
p
i
n
d
l
e
.

H
.

S
p
o
t
f
a
c
i
n
g
 
s
t
o
c
k
 
t
o
 
p
r
o
d
u
c
e
 
a

f
i
n
i
s
h
e
d
 
s
u
r
f
a
c
e
.

C
o
u
n
t
e
r
b
o
r
i
n
g
 
s
t
o
c
k
 
t
o
 
p
r
o
d
u
c
e
 
a
n

e
n
l
a
r
g
e
d
 
h
o
l
e
.

A
p
p
l
y
i
n
g
 
c
u
t
t
i
n
g
 
f
l
u
i
d
 
t
o
 
l
u
b
r
i
c
a
t
e

c
u
t
t
i
n
g
 
a
c
t
i
o
n
 
a
n
d
 
r
e
d
u
c
e
 
c
u
t
t
i
n
g

t
e
m
p
e
r
a
t
u
r
e
.

V
e
r
b
a
l
 
L
e
a
r
n
i
a
q
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
p
a
r
t
,
 
s
i
z
e
 
a
n
d

d
e
p
t
h
 
o
f
 
h
o
l
e
,
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e

s
p
o
t
 
f
a
c
e
d
 
o
r
 
c
o
u
n
t
e
r
b
o
r
e
d
,
 
a
n
d

a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)

.

C
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

d
e
c
i
m
a
l
s
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

f
r
a
c
t
i
o
n
s
-
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
p
u
l
l
e
y
 
d
r
i
v
e
 
r
a
t
i
o
s
.

B
.

E
x
p
l
a
i
n
i
n
g
,

t
r
a
n
s
f
e
r
 
a
s
 
i
t
 
r
e
l
a
t
e
s

t
o
 
c
o
o
l
a
n
t
s
.



R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
w
o
r
k
 
w
i
t
h
 
a
b
r
a
-

s
i
v
e
 
c
l
o
t
h
 
o
r
 
o
l
d
 
d
r
i
l
l
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
s
p
o
t
 
'
f
a
c
i
n
g
 
t
o
o
l
 
o
r

c
o
u
n
t
4
r
b
o
r
i
n
g
 
t
o
o
l
 
a
c
c
o
r
d
i
n
g
.
t
o
.
-

s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

B
.

S
e
l
e
c
t
i
n
g
 
f
r
o
m
 
c
h
a
r
t
s
 
p
r
o
p
e
r
 
s
p
e
e
d
s
 
f
o
r

v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

C
.

R
e
m
o
v
i
n
g
 
a
n
d
 
d
i
s
p
o
s
i
n
g
 
o
f
 
c
h
i
p
s
 
t
o
 
k
e
e
p
 
w
o
r
k
 
a
r
e
a

c
l
e
a
r
 
a
n
d
 
f
r
e
e

f
r
o
m
 
d
a
n
g
e
r
.

D
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:

(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
:

a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g
 
a
l
l

t
o
o
l
s
 
b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,
 
m
a
k
i
n
g
a
d
j
u
s
t
m
e
n
t
s
 
a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s

s
t
o
p
p
e
d
,
 
u
s
i
n
g
 
o
n
l
y
 
s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,

m
a
i
n
t
a
i
n
i
n
g
 
a
l
l
 
s
a
f
e
t
y
.
 
g
u
a
r
d
s
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
 
f
o
r
 
v
a
r
i
o
u
s

m
e
t
a
l
s
.

S
e
l
e
c
t
i
n
g
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
f
o
r
 
r
e
m
o
v
i
n
g
 
b
u
r
r
s
.

S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s

p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l

s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
p
a
r
t
s

t
o
 
b
e

m
a
c
h
i
n
e
d
.

B
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
.

C
.

M
e
a
s
u
r
i
n
g
 
t
h
e
 
h
e
a
t
 
g
e
n
e
r
a
t
e
d
 
w
i
t
h
 
a
 
c
o
n
t
a
c
t

t
h
e
r
m
o
m
e
t
e
r
 
a
s
 
i
t
 
i
s

t
r
a
n
s
f
e
r
r
e
d
 
f
r
o
m
 
t
h
e
 
c
u
t
t
i
n
g
 
a
r
e
a
 
t
o
 
t
h
e
 
o
u
t
e
r
p
o
r
t
i
o
n
s
 
o
f
 
t
h
e
 
p
a
r
t

b
e
i
n
g
 
m
a
c
h
i
n
e
d
.

D
.

C
h
e
c
k
i
n
g
 
t
o
 
d
e
t
e
r
m
i
n
e
 
w
h
e
t
h
e
r
 
t
h
e
 
s
a
f
e
t
y
p
r
e
c
a
u
t
i
o
n
s
 
p
r
a
c
t
i
c
e
d
 
o
n
 
a
n

o
p
e
r
a
t
i
o
n
 
m
e
e
t
 
w
i
t
h
 
e
s
t
a
b
l
i
s
h
e
d
 
s
a
f
e
t
y

s
t
a
n
d
a
r
d
s
.

E
.

C
h
e
c
k
i
n
g
 
w
i
t
h
 
a
n
 
R
P
M
 
m
e
t
e
r
 
t
h
e
 
s
p
e
e
d
s
 
u
s
e
d
 
b
y

s
t
u
d
e
n
t
s
 
f
o
r
 
a
 
p
a
r
t
i
c
u
l
a
r

o
p
e
r
a
t
i
o
n
 
a
g
a
i
n
s
t
 
e
s
t
a
b
l
i
s
h
e
d
 
r
a
t
i
n
g
s
 
f
o
r

t
h
e
 
s
p
e
c
i
f
i
c
 
j
o
b
.



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
T
I

U
n
i
t
 
I
I
I

T
i
t
l
e
:

G
r
i
n
d
i
n
g
 
A
c
t
i
v
i
t
i
e
s
 
A
s
s
o
c
i
a
t
e
d
 
W
i
t
h
 
t
h
e
 
S
u
r
f
a
c
e

G
r
i
n
d
e
r
'

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
t
o
 
p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g

o
p
e
r
a
-

t
i
o
n
s
 
o
n
 
t
h
e
 
s
u
r
f
a
c
e
 
g
r
i
n
d
e
r
:

g
r
i
n
d
i
n
g
 
a
 
f
l
a
t
 
s
u
r
f
a
c
e
,
 
g
r
i
n
d
i
n
g
 
p
a
r
a
l
l
e
l

s
u
r
f
a
c
e
s
,
 
g
r
i
n
d
i
n
g
 
t
w
o
 
p
e
r
p
e
n
d
i
c
u
l
a
r
 
s
u
r
f
a
c
e
s
,

g
r
i
n
d
i
n
g
 
a
n
g
u
l
a
r
 
s
u
r
f
a
c
e
s
.

=
7.

11
01

1I

B
a
n
u
a
l
s
s
i
i
m
l
i
m
g
a
d
j
a
m
 
L
e
a
r
n
i
n
g
:

A
.

T
e
s
t
i
n
g
 
s
o
u
n
d
n
e
s
s
 
o
f
 
w
h
e
e
l
 
b
y

s
t
r
i
k
i
n
g
 
a
 
l
i
g
h
t
 
b
l
o
w
 
w
i
t
h

h
a
m
m
e
r
.

B
.

M
o
u
n
t
i
n
g
 
g
r
i
n
d
i
n
g
 
w
h
e
e
l

o
n
 
s
p
i
n
d
l
e

o
f
 
s
u
r
f
a
c
e
 
g
r
i
n
d
e
r
.

T
i
l
l
i
n
g
 
a
n
d
 
d
r
e
s
s
i
n
g
 
"
a
 
g
r
i
n
d
i
n
g

w
h
e
e
l
 
w
i
t
h
 
a
 
t
r
u
i
n
g
 
f
i
x
t
u
r
e
.

D
.

M
o
u
n
t
i
n
g
 
w
o
r
k
 
o
n
 
s
u
r
f
a
c
e
 
g
r
i
n
d
e
r

w
i
t
h
:

(
c
l
a
m
p
s
,
 
v
i
s
e
,
 
m
a
g
n
e
t
i
c

s
u
r
f
a
c
e
)
.

M
o
u
n
t
i
n
g
,
 
s
t
o
c
k
 
w
i
t
h
:

(
p
a
r
a
l
l
e
l
s
,

a
n
g
l
e
 
p
l
a
t
e
,
 
v
e
e
 
b
l
o
c
k
s
,
 
s
h
i
m
s
,

s
t
e
p
 
b
l
o
c
k
s
)
.

F
.

A
l
i
g
n
i
n
g
 
g
r
i
n
d
i
n
g
 
w
h
e
e
l
 
w
i
t
h
 
w
o
r
k

t
o
 
b
e
 
g
r
o
u
n
d
.

G
.

S
e
t
t
i
n
g
 
d
e
p
t
h
 
o
f
 
c
u
t
 
f
o
r
 
r
o
u
g
h
i
n
g

c
u
t
.

G
r
i
n
d
i
n
g
 
a
 
f
l
a
t
 
s
u
r
f
a
c
e

o
n
 
a
 
s
u
r
-

f
a
c
e
 
g
r
i
n
d
e
r
.

I
.

G
r
i
n
d
i
n
g
 
t
w
o
 
p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
o
n

a
 
s
u
r
f
a
c
e
 
g
r
i
n
d
e
r
.

1
,
2
1
1
.
2
1
L
e
a
r
n
i
n
a
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d
 
a
c
c
u
r
a
c
y
 
r
e
-

q
u
i
r
e
d
 
n
u
m
b
e
r
 
c
f
 
p
a
r
t
s
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d
,

a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
s
i
z
e
 
w
i
t
h
:

m
i
c
r
o
m
e
t
e
r
.

B
.

R
e
a
d
i
n
g
 
g
r
a
d
u
a
t
i
o
n
s
 
o
n
 
v
e
r
t
i
c
a
l
 
a
d
-

j
u
s
t
m
e
n
t
 
h
a
n
d
 
w
h
e
e
l
.

C
.

M
e
a
s
u
r
i
n
g
 
a
n
g
u
l
a
r
 
s
u
r
f
a
c
e
s
 
w
i
t
h
 
a
 
s
i
n
e

b
a
r
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.



G
r
i
n
d
i
n
g
 
t
w
o
 
p
e
r
p
e
n
d
i
c
u
l
a
r
 
s
u
r
f
a
c
e
s

o
n
 
a
 
s
u
r
f
a
c
e
 
g
r
i
n
d
e
r
.

G
r
i
n
d
i
n
g
 
a
n
g
u
l
a
r
 
s
u
r
f
a
c
e
s
 
o
n
 
a

s
u
r
-

f
a
c
e
 
g
r
i
n
d
e
r
.

L
.

A
d
j
u
s
t
i
n
g
 
p
o
w
e
r
 
c
r
o
s
s
 
f
e
e
d
 
f
o
r
 
a
u
t
o
-

m
a
t
i
c
 
o
p
e
r
a
t
i
o
n
.

M
.

A
p
p
l
y
i
n
g
 
c
u
t
t
i
n
g
 
f
l
u
i
d
 
t
o
 
l
u
b
r
i
c
a
t
e

g
r
i
n
d
i
n
g
 
a
c
t
i
o
n
 
a
n
d
 
r
e
d
u
c
e
 
c
u
t
t
i
n
g

t
e
m
p
e
r
a
t
u
r
e
.

S
e
t
t
i
n
g
 
d
e
p
t
h
 
o
f
 
c
u
t
 
f
o
r
 
f
i
n
i
s
h
i
n
g

c
u
t
.

R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
f
i
n
i
s
h
e
d
 
w
o
r
k

w
i
t
h
 
a
 
f
i
l
e
 
o
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

D
.
E
.

F
.
G
.

B
.

C
o
m
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

d
e
c
i
m
a
l
s
.

D
e
t
e
r
m
i
n
i
n
g
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f
 
w
o
r
k

p
i
e
c
e
 
f
r
o
m
 
c
h
a
r
t
.

C
a
l
c
u
l
a
t
i
n
g
 
c
u
t
t
i
n
g
 
s
p
e
e
d
s
 
a
n
d
 
f
e
e
d
s

f
o
r
 
g
r
i
n
d
i
n
g
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
a
n
g
l
e
s
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
h
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

B
.

E
x
p
l
a
i
n
i
n
g
:
h
e
a
t
 
t
r
a
n
s
f
e
r
 
a
s
 
i
t
 
r
e
l
a
t
e
s

t
o
 
c
o
o
l
a
n
t
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

S
e
l
e
c
t
i
n
g
 
g
r
i
n
d
i
n
g
 
w
h
e
e
l
 
m
o
s
t
 
a
p
p
r
o
p
r
i
a
t
e
 
f
o
r
 
t
a
s
k
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
h
o
l
d
i
n
g
 
w
o
r
i
c
t
j
b
e
 
m
a
c
h
i
n
e
d
:

(
v
i
s
e
,
 
c
l
a
m
p
s
,

m
a
g
n
e
t
i
c
 
s
u
r
f
a
c
e
)

.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
 
w
h
e
n
 
o
p
e
r
a
t
i
n
g

a
 
l
a
t
h
e
:

(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,

r
e
m
o
v
i
n
g
 
a
l
l

t
o
o
l
s
 
b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,
 
m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s
,
a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s

s
t
o
p
p
e
d
,
 
u
s
i
n
g
 
o
n
l
y
 
S
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,
 
m
a
i
n
t
a
i
n
i
n
g
 
a
l
l

s
a
f
e
t
y
 
g
u
a
r
d
s
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
 
f
o
r
 
g
r
i
n
d
i
n
g
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
l
o
n
g
i
t
u
d
i
n
a
l
 
a
n
d

c
r
o
s
s
 
f
e
e
d
s
 
f
o
r
 
g
r
i
n
d
i
n
g
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
t
y
p
e
,
 
o
f
 
f
i
l
e
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.



u
g
g
e
s
t
e
d
'
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o

i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

G
r
i
n
d
i
n
g
 
.
o
n
 
t
h
e
 
s
u
r
f
a
c
e

g
r
i
n
d
e
r
 
'
a
 
p
a
r
t
 
t
h
a
t
 
i
n
c
o
r
p
o
r
a
t
e
s
t
h
e
 
f
i
n
i
s
h
i
n
g

o
f
 
f
l
a
t
 
s
u
r
f
a
c
e
s
,
 
p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
,

t
w
o
 
p
e
r
p
e
n
d
i
c
u
l
a
r
 
s
u
r
f
a
c
e
s
 
a
n
d

a
n
g
u
l
a
r
 
s
u
r
f
a
c
e
s
.

M
e
a
s
u
r
i
n
g
 
d
i
f
f
e
r
e
n
t
 
a
n
g
u
l
a
r

s
u
r
f
a
c
e
s
 
w
i
t
h
 
a
 
s
i
n
e
 
b
a
r
.

C
o
i
n
p
u
t
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i
v
a
l
e
n
t
s
o
f
 
d
e
c
i
m
a
l
s
 
a
n
d
 
c
h
e
c
k
i
n
g
a
n
s
w
e
r

w
i
t
h
 
c
h
a
r
t
.

D
.

C
h
e
c
k
i
n
g
 
i
f
 
a
l
l
 
s
a
f
e
t
y
 
s
t
a
n
d
a
r
d
s

a
r
e
 
b
e
i
n
g
 
f
o
l
l
o
w
e
d
.

E
.

C
h
e
c
k
i
n
g
 
t
h
e
 
h
e
a
t
 
t
r
a
n
s
f
e
r
 
o
f
 
d
i
f
f
e
r
e
n
t

g
r
i
n
d
i
n
g
 
s
p
e
e
d
s
 
w
i
t
h
a
 
c
o
n
t
a
c
t

t
h
e
r
m
o
m
e
t
e
r
.

F
f



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I
V

T
i
t
l
e
:

M
a
c
h
i
n
i
n
g
 
A
c
t
i
v
i
t
i
e
s
 
P
e
r
f
o
r
m
e
d

o
n
 
t
h
e
 
H
o
r
i
z
o
n
t
a
l
 
M
i
l
l
i
n
g
 
M
a
c
h
i
n
e
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y

t
o
 
p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g

o
p
e
r
a
-
.

t
i
o
n
s
 
o
n
 
t
h
e
 
h
o
r
i
z
o
n
t
a
l
 
m
i
l
l
i
n
g
 
m
a
c
h
i
n
e
:

m
a
c
h
i
n
i
n
g
 
a
 
f
l
a
t
 
s
u
r
f
a
c
e
,
 
m
a
c
h
i
n
i
n
g

p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
,
 
m
a
c
h
i
n
i
n
g
 
t
w
o

p
e
r
p
e
n
d
i
c
u
l
a
r
 
s
u
r
f
a
c
e
s
,
 
m
a
c
h
i
n
i
n
g

a
 
s
h
o
u
l
d
e
r
,

m
a
c
h
i
n
i
n
g
 
.
a
n
 
a
n
g
u
l
a
r
 
s
u
r
f
a
c
e
.

M
a
n
u
a
l
.
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
s
u
r
f
a
c
e

g
a
u
g
e
,

d
i
v
i
d
e
r
s
,
 
s
c
r
i
b
e
r
)
.

B
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,

p
o
w
e
r
 
h
a
c
k
 
s
a
w
,
 
p
o
w
e
r
 
b

b
a
n
d
 
s
a
w
)
.

C
.

C
l
e
a
n
i
n
g
 
m
a
c
h
i
n
e
 
w
i
t
h

r
a
g
 
a
n
d

b
r
u
s
h
 
t
o
,
 
o
b
t
a
i
n
 
a
n
 
a
c
c
u
r
a
t
e
 
s
e
t
u
p
.

D
.

M
o
u
n
t
i
n
g
 
s
t
o
c
k
 
w
i
t
h
:

(
p
a
r
a
l
l
e
l
s
,

a
n
g
l
e
 
p
l
a
t
e
,
 
v
e
e
 
b
l
o
c
k
,
 
s
h
i
m
s
,

s
t
e
p
 
b
l
o
c
k
s
)
.

M
o
u
n
t
i
n
g
 
c
u
t
t
e
r
s
,
 
s
p
a
c
i
n
g
 
a
n
d

b
e
a
r
i
n
g
 
c
o
l
l
a
r
s
 
o
n
 
m
i
l
l
i
n
g

m
a
c
h
i
n
e
 
s
p
i
n
d
l
e
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n

p
r
o
p
e
r
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
c
u
t
t
e
r
s

a
n
d
 
m
e
t
a
l
s
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n

p
r
o
p
e
r
 
f
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
c
u
t
t
e
r
s
'

a
n
d
 
m
a
t
e
r
i
a
l
s
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
,

t
y
p
e

o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d

a
c
c
u
r
a
c
y
 
r
e
-

q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d
,

a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
)
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
s
i
z
e
 
w
i
t
h
:

(
r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
o
u
t
s
i
d
e
m
i
c
r
o
m
e
t
e
r
,
 
s
i
n
e

b
a
r
,
 
v
e
r
n
i
e
r
 
c
a
l
i
p
e
r
s
)
.

B
.

R
e
a
d
i
n
g
 
g
r
a
d
u
a
t
i
o
n
s

o
n
 
v
e
r
t
i
c
a
l
 
f
e
e
d
.

M
a
t
h
e
m
a
t
i
c
s
:

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s

(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
a
,
 
d
i
v
i
d
i
n
g
)
.



H
.

A
l
i
g
n
i
n
g
 
c
u
t
t
e
r
 
w
i
t
h
 
s
t
o
c
k
 
t
o

b
e
 
m
a
c
h
i
n
e
d
.

I
.

M
i
l
l
i
n
g
 
a
 
f
l
a
t
 
s
u
r
f
a
c
e
.

J
.

M
i
l
l
i
n
g
 
p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
.

K
.

M
i
l
l
i
n
g
 
t
w
o
 
p
e
r
p
e
n
d
i
c
u
l
a
r
 
s
u
r
f
a
c
e
s
.

L
.

M
i
l
l
i
n
g
 
a
 
s
h
o
u
l
d
e
r
.

M
.

M
i
l
l
i
n
g
 
a
n
 
a
n
g
u
l
a
r
 
s
u
r
f
a
c
e
.

N
.

A
p
p
l
y
i
n
g
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
 
t
o

l
u
b
r
i
c
a
t
e
 
c
u
t
t
i
n
g
 
a
c
t
i
o
n
 
a
n
d
 
r
e
-

d
u
c
e
 
c
u
t
t
i
n
g
 
t
e
m
p
e
r
a
t
u
r
e
.

0
.

R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
-
h
o
l
d
i
n
g

d
e
v
i
c
e
s
.

P
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
w
o
r
k
 
w
i
t
h
 
a

f
i
l
e
 
o
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

A
p
p
l
y
i
n
g
'
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

C
o
m
p
u
t
i
n
g
 
s
p
i
n
d
l
e
 
s
p
e
e
d
 
a
n
d
 
f
e
e
d

a
c
c
o
r
d
i
n
g
 
t
o
 
t
y
p
e
 
o
f
 
m
a
t
e
r
i
a
l
 
b
e
i
n
g

m
a
c
h
i
n
e
d
.

D
e
t
e
r
m
i
n
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

'
d
e
c
i
m
a
l
s
 
f
r
o
m
 
c
h
a
r
t
.

E
.

C
o
m
p
u
t
i
n
g
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
o
f

f
r
a
c
t
i
o
n
s
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

B
.

E
x
p
l
a
i
n
i
n
g
 
h
e
a
t
 
t
r
a
n
s
f
e
r
 
a
s
 
i
t
 
r
e
l
a
t
e
s

t
o
 
c
o
o
l
a
n
t
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
m
o
u
n
t
i
n
g
 
w
o
r
k
:

(
v
i
s
e
,
 
c
l
a
m
p
s
,
 
j
i
g
s
 
a
n
d
 
f
i
x
t
u
r
e
s
)
.

D
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
e
r
 
f
o
r
 
t
h
e
 
s
p
e
c
i
f
i
c
 
o
p
e
r
a
t
i
o
n
 
(
s
l
a
b
,
 
h
e
l
i
c
a
l

t
o
o
t
h
,
 
f
o
r
m
 
r
e
l
i
e
v
e
d
,
 
i
n
s
e
r
t
e
d
 
t
o
o
t
h
,
 
s
t
a
g
g
e
r
 
t
o
o
t
h
)
.

E
.
 
"
S
e
l
e
c
t
i
n
g
 
f
r
o
m
 
c
h
a
r
t
p
r
o
p
e
r
 
s
p
e
e
d
s
 
a
n
d
 
f
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
c
u
t
t
e
r
s
 
a
n
d

m
a
t
e
r
i
a
l
s
.

F
.

S
e
l
e
c
t
i
n
g
 
d
i
r
e
c
t
i
o
n
 
o
f
 
c
u
t
.

G
.

R
e
m
o
v
i
n
g
 
a
n
d
 
d
i
s
p
o
s
i
n
g
 
o
f
 
c
h
i
p
s
 
t
o
 
k
e
e
p
 
w
o
r
k
 
a
r
e
a
 
c
l
e
a
r
 
a
n
d
 
f
r
e
e
 
f
r
o
m

d
a
n
g
e
r
.

H
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
 
o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:

(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g
 
a
l
l

t
o
o
l
s
 
b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
 
m
a
c
h
i
n
e
,
 
m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s
 
a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s

s
t
o
p
p
e
d
,
 
u
s
i
n
g
 
o
n
l
y
 
s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,
 
m
a
i
n
t
a
i
n
i
n
g
 
a
l
l
 
s
a
f
e
t
y
 
g
u
a
r
d
s
.

I
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
t
y
p
e
 
o
f
 
f
i
l
e
.

J
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h

K
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.



w

S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

T
e
s
t
i
n
g
 
h
e
a
t
 
g
e
n
e
r
a
t
e
d
 
o
n
 
w
o
r
k
 
p
i
e
c
e
 
u
s
i
n
g
 
c
u
t
t
e
r
s
.
 
t
h
a
t
 
h
a
v
e

d
i
f
f
e
r
e
n
t
 
s
h
a
p
e
s
.
m
a
i
n
t
a
i
n
i
n
g
 
a
 
c
o
n
s
t
a
n
t
 
d
e
p
t
h
 
o
f
 
c
u
t
 
w
i
t
h
 
t
h
e

B
a
i
d
 
o
f
 
a
 
c
o
n
t
a
c
t
 
t
h
e
r
m
o
m
e
t
e
r
.

B
.

C
h
e
c
k
i
n
g
 
t
h
e
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
p
r
a
c
t
i
c
e
d
 
b
y
 
o
t
h
e
r
 
s
t
u
d
e
n
t
s

a
g
a
i
n
s
t
 
e
s
t
a
b
l
i
s
h
e
d
 
s
t
a
n
d
a
r
d
s
.

C
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
 
a
n
d

t
h
e
 
m
o
s
t
 
e
c
o
n
o
m
i
c
a
l
 
m
e
t
h
o
d
 
o
f
 
p
r
o
c
e
d
u
r
e
 
t
o
 
p
r
o
d
u
c
e
 
a
 
p
a
r
t
.

D
.

C
h
e
c
k
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
f
r
o
m
 
a
 
c
h
a
r
t
.

E
.

C
o
m
p
u
t
i
n
g
 
p
r
o
p
e
r
:
 
s
p
e
e
d
s
 
a
n
d
 
f
e
e
d
 
f
o
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

F
.

M
i
l
l
i
n
g
 
p
E
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
.

G
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
.
 
V

T
i
t
l
e
:
 
'
M
a
c
h
i
n
i
n
g
 
A
c
t
i
v
i
t
i
e
s
P
e
r
f
o
r
m
e
d
 
o
n
 
t
h
e
 
V
e
r
t
i
c
a
l
 
M
i
l
l
i
n
g
M
a
c
h
i
n
e

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
i
v
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e

c
a
p
a
b
i
l
i
t
y
 
t
o
 
p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g

o
p
e
r
a
 
-
.

t
i
o
n
s
 
o
n
 
t
h
e
 
v
e
r
t
i
c
a
l
 
m
i
l
l
i
n
g

m
a
c
h
i
n
e
:

m
a
d
h
i
n
i
n
g
 
f
l
a
t
 
s
u
r
f
a
c
e
s
,
 
m
a
d
h
i
n
i
n
g
p
a
r

p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
,
 
m
a
c
h
i
n
i
n
g
 
t
w
o
p
e
r
p
e
n
d
i
c
u
l
a
r
 
s
u
r
f
a
c
e
s
,
 
m
a
c
h
i
n
i
n
g

a
s
h
o
u
l
d
e
r
.

M
a
n
u
a
l
 
o
r
 
M
a
n
t
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
s
 
s
c
a
l
e
,
 
s
u
r
f
a
c
e

g
a
u
g
e
,

d
i
v
i
d
e
r
s
,
 
s
c
r
i
b
e
r
)
.

B
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,

p
o
w
e
r
 
h
a
c
k
 
s
a
w
,

p
o
w
e
r
 
b
a
n
d
 
s
a
w
)
.

C
l
e
a
n
i
n
g
 
m
a
c
h
i
n
e
 
w
i
t
h

r
a
g
 
a
n
d

b
r
u
s
h
 
t
o
 
o
b
t
a
i
n
 
a
n
 
a
c
c
u
r
a
t
e

s
e
t
u
p
.

D
.

M
o
u
n
t
i
n
g
 
s
t
o
c
k
 
w
i
t
h
:

(
p
a
r
a
l
l
e
l
s
,

a
n
g
l
e
 
p
l
a
t
e
,
 
v
e
e
 
b
l
o
c
k
,
 
s
h
i
m
s
,

s
t
e
p
 
b
d
o
c
k
s
)
.

E
.

M
o
u
n
t
i
n
g
 
c
u
t
t
e
r
s
,
 
s
p
a
c
i
n
g
 
a
n
d

b
e
a
r
i
n
g
 
c
o
l
l
a
r
s
 
o
n
 
m
i
l
l
i
n
g

m
a
c
h
i
n
e
 
s
p
i
n
d
l
e
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n

p
r
o
p
e
r
 
s
p
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
c
u
t
-

t
e
r
s
 
a
n
d
 
m
e
t
a
l
s
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d
.

A
d
j
u
s
t
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
o
b
t
a
i
n

p
r
o
p
e
r
 
f
e
e
d
s
 
f
o
r
 
v
a
r
i
o
u
s
 
c
u
t
-

t
e
r
s
 
a
n
d
 
m
a
t
e
r
i
a
l
s
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
d
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e
 
a
n
d
.
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

o
f
 
w
o
r
k

p
i
e
c
e
,
 
t
y
p
e
 
o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
a
n
d

a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
,
 
n
u
m
b
e
r
 
o
f

p
a
r
t
s
 
t
o

,
b
e
 
m
a
c
h
i
n
e
d
,
 
a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
)
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
s
i
z
e

w
i
t
h
:
 
(
r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
o
u
t
s
i
d
e
 
m
i
c
r
o
-

m
e
t
e
r
l
.
v
e
r
n
i
e
r
 
c
a
l
i
p
e
r
)
.

B
.

R
e
a
d
i
n
g
 
g
r
a
d
u
a
t
i
o
n
s

o
n
 
v
e
r
t
i
c
a
l
 
f
e
e
d
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,

d
i
v
i
d
i
n
g
)

.



H
.

A
l
i
g
n
i
n
g
 
c
u
t
t
e
r
 
w
i
t
h

s
t
o
c
k
 
t
o
 
b
e

m
a
d
h
i
n
e
d
.

I
.

M
i
l
l
i
n
g
 
a
 
f
l
a
t

s
u
r
f
a
c
e
.

J
.

M
i
l
l
i
n
g
 
p
a
r
a
l
l
e
l

s
u
r
f
a
c
e
s
.

K
.

M
i
l
l
i
n
g
 
t
w
o

p
e
r
p
e
n
d
i
c
u
l
a
r
 
s
u
r
f
a
c
e
s
.

L
.

M
i
l
l
i
n
g
 
a
 
s
h
o
u
l
d
e
r
.

M
.

A
p
p
l
y
i
n
g
 
c
u
t
t
i
n
g
'
f
l
u
i
d
s

t
o
 
l
u
b
r
i
c
a
t
e

c
u
t
t
i
n
g
 
a
c
t
i
o
n
 
a
n
d
r
e
d
u
c
e
 
c
u
t
t
i
n
g

t
e
m
p
e
r
a
t
u
r
e
.

R
e
m
o
v
i
n
g
 
w
o
r
k
 
f
r
o
m
1
1
o
:
d
i
n
g
 
d
e
v
i
c
e
s
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
w
o
r
k
 
w
i
t
h
 
a

f
i
l
e
 
o
r
 
a
b
r
a
s
i
v
e

c
l
o
t
h
.

el

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
o
f
 
d
e
d
i
m
a
l
s

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,

m
u
l
t
i
p
l
y
i
n
g
,

d
i
v
i
d
i
n
g
)
'

.

C
.

C
o
m
p
u
t
i
n
g
 
s
p
i
n
d
l
e
 
s
p
e
e
d

a
n
d
 
f
e
e
d

a
c
c
o
r
d
i
n
g
 
t
o
 
t
y
p
e
 
o
f
m
a
t
e
r
i
a
l
 
b
e
i
n
g

m
a
c
h
i
n
e
d
.

D
.

D
e
t
e
r
m
i
n
i
n
g
 
f
r
a
c
t
i
o
n
a
l

e
q
u
i
v
a
l
e
n
t
s

o
f
 
d
e
c
i
m
a
l
s
 
f
r
o
m

c
h
a
r
t
.

E
.

C
o
m
p
u
t
i
n
g
 
d
e
c
i
m
a
l

e
q
u
i
v
a
l
e
n
t
s
 
o
f

f
r
a
c
t
i
o
n
s
.

F
. S
c
i
e
n
c
e
:

A
,

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l

p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
m
a
c
h
i
n
a
b
i
l
i
t
y
 
o
f

v
a
r
i
o
u
s
 
m
e
t
a
l
s

m
e
t
a
l
s
.

B
.

E
x
p
l
a
i
n
i
n
g
 
h
e
a
t

t
r
a
n
s
f
e
r
 
a
s
 
i
t

r
e
-

l
a
t
e
s
 
t
o
 
c
o
o
l
a
n
t
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n
.

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e

l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e

t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r

t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
m
o
u
n
t
i
n
g
 
w
o
r
k
:

(
v
i
s
e
,
 
c
l
a
m
p
s
,

j
i
g
s
 
a
n
d
 
f
i
x
t
u
r
e
s
)
.

D
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r

c
u
t
t
e
r
 
2
o
r
 
t
h
e
 
s
p
e
c
i
f
i
c

o
p
e
r
a
t
i
o
n
.

E
.

S
e
l
e
c
t
i
n
g
 
f
r
o
m
 
c
h
a
r
t

p
r
o
p
e
r
 
s
p
e
e
d
s
 
a
n
d
 
f
e
e
d
s

f
o
r
 
v
a
r
i
o
u
s
 
c
u
t
t
e
r
s

a
n
d
 
m
a
t
e
r
i
a
l
s
.

F
.

S
e
l
e
c
t
i
n
g
 
d
i
r
e
c
t
i
o
n
o
f
 
c
u
t
.

G
.

R
e
m
o
v
i
n
g
 
a
n
d
 
d
i
s
p
o
s
i
n
g

o
f
 
c
h
i
p
s
 
t
o
 
k
e
e
p
 
w
o
r
k
a
r
e
a
 
c
l
e
a
r
 
a
n
d
 
f
r
e
e

f
r
o
m
 
d
a
n
g
e
r
.

H
.

P
r
a
c
t
i
c
i
n
g
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
o
p
e
r
a
t
i
n
g
 
a
 
l
a
t
h
e
:

(
w
e
a
r
i
n
g

g
o
g
g
l
e
s
 
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,

w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e

a
p
p
a
r
e
l
,
 
r
e
m
o
v
i
n
g
 
a
l
l

t
o
o
l
s
 
b
e
f
o
r
e
 
s
t
a
r
t
i
n
g
m
a
c
h
i
n
e
,
 
m
a
k
i
n
g
 
a
d
j
u
s
t
m
e
n
t
s

a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s

S
t
o
p
p
e
d
,
 
u
s
i
n
g
 
o
n
l
y

s
h
a
r
p
e
n
e
d
 
t
o
o
l
s
,
 
m
a
i
n
t
a
i
n
i
n
g

a
l
l
 
s
a
f
e
t
y
 
g
u
a
r
d
s
.

S
e
l
e
c
t
i
n
g
p
r
o
p
e
r
 
t
y
p
e
 
o
f
 
f
i
l
e
.

J
.

S
e
l
e
c
t
i
n
g
p
r
o
p
e
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

K
.

S
e
l
e
c
t
i
n
g
p
r
o
p
e
r
 
c
u
t
t
i
n
g
 
f
l
u
i
d
s
 
f
o
r
 
v
a
r
i
o
u
s

m
e
t
a
l
s
.



S
u
c
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
a
g

U
3

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

c
r
%

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

T
e
s
t
i
n
g
 
h
e
a
t
 
g
e
n
e
r
a
t
e
d
 
o
n
 
w
o
r
k
 
p
i
e
c
e
 
u
s
i
n
g
 
c
u
t
t
e
r
s
 
t
h
a
t
 
h
a
v
e

d
i
f
f
e
r
e
n
t
 
S
h
a
p
e
s
 
m
a
i
n
t
a
i
n
i
n
g
 
a
 
c
o
n
s
t
a
n
t
 
d
e
p
t
h
 
o
f
 
c
u
t
 
w
i
t
h
 
t
h
e
 
a
i
d

o
f
 
a
 
c
o
n
t
a
c
t
 
t
h
e
r
m
o
m
e
t
e
r
.

C
h
e
c
k
i
n
g
 
t
h
e
 
s
a
f
e
t
y
 
p
r
a
c
t
i
c
e
d
 
b
y
 
o
t
h
e
r
 
s
t
u
d
e
n
t
s
 
a
g
a
i
n
s
t
 
e
s
t
a
b
l
i
s
h
e
d

s
t
a
n
d
a
r
d
s
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
 
a
n
d

t
h
e
 
m
o
s
t
 
e
n
o
n
o
m
i
c
a
l
 
m
e
t
h
o
d
 
o
f
 
p
r
o
c
e
d
u
r
e
 
t
o
 
p
r
o
d
u
c
e

a
 
p
a
r
t
.

C
h
e
c
k
i
n
g
 
f
r
a
c
t
i
o
n
a
l
 
a
n
d
 
d
e
c
i
m
a
l
 
e
q
u
i
v
a
l
e
n
t
s
 
f
r
o
m

a
 
c
h
a
r
t
.

E
.

C
o
m
p
u
t
i
n
g
 
p
r
o
p
e
r
 
s
p
e
e
d
s
 
a
n
d
 
f
e
e
d
 
f
o
r
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

F
.

M
i
l
l
i
n
g
 
p
a
r
a
l
l
e
l
 
s
u
r
f
a
c
e
s
.

G
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.



M
A
C
H
I
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
-
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
V
I

T
k
i
l
e
:

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n
 
P
e
r
t
a
i
n
i
n
g
 
t
o
 
M
a
c
h
i
n
i
n
g
 
a
n
d
 
R
e
l
a
t
e
d
 
O
c
c
u
p
a
t
i
o
n
s
.

O
b
j
e
c
t
i
v
e
:

T
o
 
a
c
q
u
a
i
n
t
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
w
i
t
h
 
t
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
m
a
c
h
i
n
i
n
g
 
a
n
d

r
e
l
a
t
e
d
 
o
c
c
u
p
a
t
i
o
n
s
.

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n

O
b
t
a
i
n
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e
 
w
a
g
e
 
s
c
a
l
e
.

C
.

T
h
e
 
t
y
p
e
s
 
o
f
 
t
r
a
i
n
i
n
g
 
a
v
a
i
l
a
b
l
e
.

D
.

T
h
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
e
x
p
e
r
i
e
n
c
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

E
.

T
h
e
 
p
h
y
s
i
c
a
l
 
a
n
d
 
m
e
n
t
a
l
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
n
e
e
d
e
d
 
f
o
r
 
q
u
a
l
i
f
i
c
a
t
i
o
n

f
o
r
 
e
m
p
l
o
y
m
e
n
t
.

F
.

T
h
e
 
g
e
o
g
r
a
p
h
i
c
a
l
 
l
o
c
a
t
i
o
n
 
o
f
 
e
m
p
l
o
y
m
e
n
t
.

G
.

T
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
v
a
n
c
e
m
e
n
t
.

H
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

I
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
w
o
r
k
 
i
n
v
o
l
v
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

J
.

T
h
e
 
u
n
i
o
n
 
i
n
v
o
l
v
e
m
e
n
t
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

K
.

T
h
e
 
m
e
a
n
s
 
o
f
 
e
n
t
r
y
 
i
n
t
o
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.
,



S
u
a
a
e
s
t
e
d
 
S
 
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
.

W
r
i
t
i
n
g
 
s
p
e
c
i
f
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
t
h
e

o
c
c
u
p
a
t
i
o
n
s
 
o
f
 
t
h
e
 
m
e
t
a
l
 
f
o
r
m
i
n
g
 
a
n
d
 
f
a
b
r
i
c
a
t
i
o
n
 
c
l
u
s
t
e
t
.

B
.

V
i
s
i
t
i
n
g
 
a
n
 
o
f
f
i
c
e
 
o
f
 
t
h
e
 
S
t
a
t
e
 
E
m
p
l
o
y
m
e
n
t
 
S
e
r
v
i
c
e
.

C
.

L
i
s
t
e
n
i
n
g
 
t
o
 
a
 
s
p
e
a
k
e
r
 
f
r
o
m
 
a
 
t
r
a
d
e
 
u
n
i
o
n
.

D
.

W
r
i
t
i
n
g
 
l
e
t
t
e
r
s
 
t
o
 
c
o
r
r
e
s
p
o
n
d
e
n
c
e
 
a
n
d
 
t
r
a
d
e
 
s
c
h
o
o
l
s
 
i
n
 
o
r
d
e
r

t
o

d
e
t
e
r
m
i
n
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l
 
t
r
a
i
n
i
n
g
.

E
.

V
i
s
i
t
i
n
g
 
a
 
s
d
h
o
o
l
 
f
o
r
 
a
p
p
r
e
n
t
i
c
e
s
.

F
.

V
i
s
i
t
i
n
g
 
a
 
m
a
d
h
i
n
i
n
g
 
i
n
d
u
s
t
r
y
.

G
.

W
a
t
c
h
i
n
g
 
m
o
v
i
e
s
 
o
n
 
m
a
c
h
i
n
i
n
g
 
a
c
t
i
v
i
t
i
e
s
.

H
.

R
e
a
d
i
n
g
 
t
h
e

i
a
l
_
_
_
_
3
m
t
(
i
t
l
o
i
Q
s
2
c
H
a
n
o
l
O
c
c
u
i
o
t
c
.



I
N
S
T
R
U
C
T
I
O
N
A
L
 
M
A
T
E
R
I
A
L
S
 
F
O
R
M
A
C
H
I
N
I
N
G

D
E
S
C
R
I
P
T
I
O
N

M
a
c
h
i
n
e
 
S
h
o
p
 
T
e
c
h
n
o
l
o
g
y

b
y
 
C
.
 
A
.
 
F
e
l
k
e
r

M
a
c
h
i
n
e
 
S
h
o
p
 
T
r
a
i
n
i
n
g

b
y
 
S
.
F
.
 
K
r
a
r
 
a
n
d
 
J
.
E
.

S
t
.
 
A
m
a
r
a

B
o
o
k

M
a
c
h
i
n
i
n
g
 
o
f
 
M
e
t
a
l
s

b
y
 
R
.
 
E
.
 
S
m
i
t
h

B
o
o
k

B
o
o
k

B
o
o
k

M
a
c
h
i
n
e
 
S
h
o
p
 
M
a
t
h
e
-

m
a
t
i
c
s
 
b
y
 
A
a
r
o
n
 
A
x
e
l
-

r
o
d

M
a
c
h
i
n
e
 
T
o
o
l
 
O
p
e
r
a
t
i
o
n

P
a
r
t
 
I
 
a
n
d
 
I
I
 
b
y

A
a
r
o
n
 
A
x
e
l
r
o
d
 
a
n
d

H
e
n
r
y
 
D
.
 
B
u
r
g
h
a
r
d
t

M
a
c
h
i
n
e
 
T
o
o
l
 
M
e
t
a
l
-

w
W
1
g
 
E
i
T
7
7
.
7
.
7
i
s
e
i
r
e
r

a
n
d
'
 
E
.
 
-
A
.
 
T
a
t
r
o

T
h
e
 
t
e
x
t
 
c
o
v
e
r
s
 
m
e
t
a
l

m
a
c
h
i
n
i
n
g
,
 
s
e
t
-
u
p
s
,
 
t
h
e
o
r
y
,

a
n
d
 
p
r
o
c
e
s
s
e
s
.

S
O
U
R
C
E

B
r
u
c
e
 
P
u
b
l
i
s
h
i
n
g
 
C
o
.

T
h
e
 
b
o
o
k
 
c
o
v
e
r
s
 
t
h
e
 
b
a
s
i
c

M
c
G
r
a
w
-
H
i
l
l
 
B
o
o
k
 
C
o
,

m
a
c
h
i
n
i
n
g
 
a
r
e
a
s
.

A
 
w
e
l
l
 
i
l
l
u
s
t
r
a
t
e
d
 
t
e
x
t

s
h
o
w
i
n
g
 
b
a
s
i
c
 
m
a
c
h
i
n
e

o
p
e
r
a
t
i
o
n
s
.

M
c
K
n
i
g
h
t
 
a
n
d
 
M
c
K
n
i
g
h
t

P
u
b
l
i
s
h
i
n
g
 
C
o
m
p
a
n
y

T
h
e
 
t
e
x
t
 
c
o
v
e
r
s
 
m
a
t
h
e
m
a
t
i
c
s

M
c
G
r
a
w
-
H
i
l
l
 
B
o
o
k
 
C
o
.

r
e
l
a
t
e
d
 
t
o
 
b
a
s
i
c
 
m
a
c
h
i
n
e

s
h
o
p
 
o
p
e
r
a
t
i
o
n
s
.

T
h
e
 
b
o
o
k
s
 
c
o
v
e
r
 
f
u
n
d
a
m
e
n
t
a
l

M
c
G
r
a
w
-
H
i
l
l
 
B
o
o
k
 
C
o
.

i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g

m
a
c
h
i
n
i
n
g
 
a
n
d
 
t
h
e
 
o
p
e
r
a
t
i
o
n

o
f
 
v
a
r
i
o
u
s
 
m
a
c
h
i
n
e
s
 
f
o
u
n
d

i
n
 
a
 
m
a
c
h
i
n
e
 
s
h
o
p
.

T
h
e
 
b
o
o
k
 
i
n
c
l
u
d
e
s

a
 
c
o
m
p
r
e
-

h
e
n
s
i
v
e
 
o
v
e
r
v
i
e
w
 
o
f
 
t
h
e

b
a
s
i
c
 
m
a
c
h
i
n
i
n
g
p
r
o
c
e
s
s
e
s
.

M
c
G
r
a
w
 
-
H
i
l
l
 
B
o
o
k
 
C
o
.



F
i
l
m

B
a
s
i
c
 
M
a
c
h
i
n
e
s
 
-
 
D
r
i
l
l

P
r
e
s
s

F
i
l
m

B
a
s
i
c
 
M
a
c
h
i
n
e
s
 
-
 
L
a
t
h
e

.
F
i
l
m

B
a
s
i
c
 
M
a
c
h
i
n
e
s
 
-
 
S
h
a
p
e
r

F
i
l
m

C
u
t
t
i
n
g
 
T
h
r
e
a
d
s
 
W
i
t
h

T
a
p
s
 
a
n
d
 
D
i
e
s

F
i
l
m

D
r
i
l
l
i
n
g
,
 
B
o
r
i
n
g
 
a
n
d

R
e
a
m
i
n
g
 
W
o
r
k
 
H
e
l
d
 
I
n
 
A

C
h
u
c
k

F
i
l
m

M
e
t
a
l
 
W
o
r
k
i
n
g
 
L
a
t
h
e

F
i
l
m

T
h
e
 
M
i
l
l
i
n
g
 
M
a
c
h
i
n
e

D
e
c
i
m
a
l
 
E
q
u
i
v
a
l
e
n
t
s

H
o
w
 
T
o
 
R
e
a
d
 
M
i
c
r
o
m
e
t
e
r
s

C
h
a
r
t

F
i
l
m
 
s
h
o
w
s
 
o
p
e
r
a
t
i
o
n
 
o
f
 
t
h
e

d
r
i
l
l
 
p
r
e
s
s
,
 
1
0
 
m
i
n
.
 
f
r
e
e
,

B
 
&
 
W
.
 
o
r
 
c
o
l
o
r
.

F
i
l
m
 
s
h
o
w
s
 
t
h
e
 
o
p
e
r
a
t
i
o
n
 
o
f

t
h
e
 
l
a
t
h
e
.
 
2
0
 
m
i
n
.
 
f
r
e
e
,

B
 
&
 
W
 
o
r
 
c
o
l
o
r
.

F
i
l
m
 
s
h
o
w
s
 
o
p
e
r
a
t
i
o
n
 
o
f
 
t
h
e

s
h
a
p
e
r
.
 
1
0
 
m
i
n
.
 
f
r
e
e
,
 
B
 
&
W

o
r
 
c
o
l
o
r
.

F
i
l
m
 
s
h
o
w
s
 
h
o
w
 
t
o
 
c
u
t

t
h
r
e
a
d
s
 
w
i
t
h
 
t
a
p
 
a
n
d
 
d
i
e
.

2
0
 
m
i
n
.
 
f
r
e
e
,
 
B
 
&
 
W
 
o
r
 
c
o
l
o
r

F
i
l
m
 
s
h
o
w
s
 
o
p
e
r
a
t
i
o
n
s
 
o
n
 
a

d
r
i
l
l
 
p
r
e
s
s
.
 
1
1
 
m
i
n
.
 
f
r
e
e

B
 
&
 
W
.

F
i
l
m
 
i
l
l
u
s
t
r
a
t
e
s
 
t
h
e
 
u
s
e
 
o
f

t
h
e
 
l
a
t
h
e
 
2
0
m
i
n
.
 
f
r
e
e
,

B
 
&
 
W
.

F
i
l
m
 
s
h
o
w
s
 
f
u
n
c
t
i
o
n
s
 
a
n
d

b
a
s
i
c
 
o
p
e
r
a
t
i
o
n
s
 
o
f
 
t
h
e

m
i
l
l
i
n
g
 
m
a
c
h
i
n
e
 
1
5
 
m
i
n
.
 
f
r
e
e

B
 
&
 
W
e

I
d
e
a
l
 
P
i
c
t
u
r
e
s

I
d
e
a
l
 
P
i
c
t
u
r
e
s

I
d
e
a
l
 
P
i
c
t
u
r
e
s

I
d
e
a
l
 
P
i
c
t
u
r
e
s

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

S
o
u
t
h
 
B
e
n
d
 
L
a
t
h
e

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

D
e
c
i
m
a
l
 
a
n
d
 
f
r
a
c
t
i
o
n
a
l
 
p
a
r
t
s

L
u
f
k
i
n
 
R
u
l
e

o
f
 
a
n
 
i
n
c
h
 
w
i
t
h
 
n
o
.
 
s
i
z
e

a
n
d
 
l
e
t
t
e
r
 
s
i
z
e
 
d
r
i
l
l
s
.

2
4
 
X
 
3
7
 
f
r
e
e
.

C
h
a
r
t
 
e
x
p
l
a
i
n
s
 
r
e
a
d
i
n
g
 
o
f

a
 
m
i
c
r
o
m
e
t
e
r
.
 
2
2
 
X
 
1
7
1
/
2
 
f
r
e
e
.

L
u
f
k
i
n
 
R
u
l
e





W
E
L
D
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I

T
i
t
l
e
:

A
r
c
 
W
e
l
d
i
n
g
 
F
e
r
r
o
u
s
 
M
e
t
a
l
s
 
W
i
t
h
 
A
.
C
.
 
a
n
d
 
D
.
C
.
 
W
e
l
d
e
r
s
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
f
o
r
 
a
r
c
 
w
e
l
d
i
n
g
 
f
e
r
r
o
u
s
 
m
e
t
a
l
s

w
i
t
h
 
A
.
C
.
 
a
n
d
 
D
.
C
.
 
w
e
l
d
e
r
s
,
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
j
o
i
n
t
s
:

h
o
r
i
z
o
n
t
a
l
 
b
u
t
t
,
 
h
o
r
i
-

z
o
n
t
a
l
 
l
a
p
,
 
h
o
r
i
z
o
n
t
a
l
 
i
n
s
i
d
e
 
c
o
r
n
e
r
,
 
h
o
r
i
z
o
n
t
a
l
 
o
u
t
s
i
d
e
 
c
o
r
n
e
r
,
 
h
o
r
i
z
o
n
-

t
a
l
 
t
e
e
,
 
v
e
r
t
i
c
a
l
 
l
a
p
,
 
b
u
t
t
 
j
o
i
n
t
s
 
o
n
 
p
i
p
e
 
s
t
o
c
k
 
w
h
i
l
e
 
f
i
x
e
d
 
a
n
d
 
w
h
i
l
e

r
o
i
l
i
n
g
,
 
a
n
d
 
p
a
d
w
e
l
d
i
n
g
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
c
o
m
b
i
n
a
t
i
o
n
 
s
q
u
a
r
e
,

c
e
n
t
e
r
 
h
e
a
d
,
 
h
e
r
m
a
p
h
r
o
d
i
t
e
 
c
a
l
i
-

p
e
r
s
,
 
s
u
r
f
a
c
e
 
g
a
u
g
e
,
 
d
i
v
i
d
e
r
s
,

t
r
a
m
m
e
l
 
p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r

p
u
n
c
h
)
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,
 
p
o
w
e
r
 
h
a
c
k
 
s
a
w
,
 
p
o
w
e
r

b
4
n
d
 
s
a
w
,
 
g
a
s
 
c
u
t
t
i
n
g
 
t
o
r
c
h
)
.

C
.

G
r
i
n
d
i
n
g
 
s
t
o
c
k
 
t
o
 
s
p
e
c
i
f
i
e
d

d
i
m
e
n
s
i
o
n
s
.

D
.

G
r
i
n
d
i
n
g
 
a
 
b
e
v
e
l
 
o
n
 
h
e
a
v
y

p
l
a
t
e
 
f
o
r
 
a
d
e
q
u
a
t
e
 
p
e
n
e
t
r
a
t
i
o
n
.

E
.

C
o
n
n
e
c
t
i
n
g
 
e
l
e
c
t
r
i
c
a
l
 
c
o
m
p
o
n
e
n
t
s

o
n
 
w
e
l
d
e
r
 
a
c
c
o
r
d
i
n
g
 
t
o
 
m
a
n
u
a
l

s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

F
.

C
l
a
m
p
i
n
g
 
w
o
r
k
 
t
o
 
o
b
t
a
i
n
 
f
i
t
-
u
p
.

V
er

ba
.

L
ea

rn
in

g:

C
om

m
un

ic
at

io
n:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e
 
a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k

p
i
e
c
e
,
 
t
y
p
e
 
o
f
 
w
e
l
d
 
r
e
q
u
i
r
e
d
 
a
n
d

a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s

t
o
 
b
e
 
w
e
l
d
e
d
,
 
a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
)
.

B
.

R
e
a
d
i
n
g
 
e
q
u
i
p
m
e
n
t
 
m
a
n
u
a
l
 
t
o
 
d
e
t
e
r
-

m
i
n
e
 
e
q
u
i
p
m
e
n
t
 
s
e
t
u
p
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
-
d
e
t
e
r
m
i
n
e
 
l
e
n
g
t
h

w
i
t
h
 
r
u
l
e
 
o
r
 
s
c
a
l
e
.

B
.

C
h
e
c
k
i
n
g
 
w
o
r
k
 
f
i
t
 
u
p
 
w
i
t
h
 
r
u
l
e
 
a
n
d

s
q
u
a
r
e
.

C
.

C
h
e
c
k
i
n
g
 
w
o
r
k
 
w
i
t
h
 
f
i
l
l
e
t
 
g
a
g
e
.



G
.

G
r
o
u
n
d
i
n
g
 
w
o
r
k
 
t
o
 
o
b
t
a
i
n
 
a
d
e
q
u
a
t
e

c
o
n
d
u
c
t
a
n
c
e
.

C
l
e
a
n
i
n
g
 
m
e
t
a
l
 
p
a
r
t
s
 
t
o
 
b
e
 
w
e
l
d
e
d

t
o
 
o
b
t
a
i
n
 
w
e
l
d
 
w
i
t
h
 
n
e
c
e
s
s
a
r
y

s
t
r
e
n
g
t
h
.

I
.

T
a
c
k
i
n
g
 
f
i
t
 
u
p
 
a
s
s
e
m
b
l
y
 
t
o
 
m
i
n
i
-

m
i
z
e
 
w
a
r
p
a
g
e
 
a
n
d
 
b
u
c
k
l
i
n
g
.

J
.

S
t
r
i
k
i
n
g
 
a
n
 
a
r
c
 
t
o
 
j
o
i
n
 
m
e
t
a
l
s

t
o
g
e
t
h
e
r
.

K
.

R
u
n
n
i
n
g
 
a
 
b
e
n
d
 
o
n
 
t
h
e
 
w
e
l
d
 
j
o
i
n
t

a
c
c
o
r
d
i
n
g
 
t
o
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

L
.

S
t
o
p
p
i
n
g
 
a
n
d
 
r
e
-
s
t
a
r
t
i
n
g
 
a
 
b
e
a
d

f
o
r
 
s
p
e
c
i
f
i
c
 
w
e
l
d
 
d
i
m
e
n
s
i
o
n
s
.

M
.

C
l
e
a
n
i
n
g
 
w
e
l
d
 
w
i
t
h
 
c
h
i
p
p
i
n
g
 
h
a
m
-

a
n
d
 
w
i
r
e
 
b
r
u
s
h
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l

w
e
l
d
i
n
g
 
o
r
 
a
 
f
i
n
i
s
h
e
d
 
w
e
l
d
.

N
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
f
i
n
i
s
h
e
d
 
w
o
r
k

w
i
t
h
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
o
r
 
f
i
l
e
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,

d
i
v
i
d
i
n
g
)

.

A
.

E
x
p
l
a
t
 
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
f
t
.

I
d
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

B
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
e
l
e
c
t
i
o
n
 
t
h
e
o
r
y
 
o
f

c
u
r
r
e
n
t
 
f
l
o
w
 
i
n
 
w
e
l
d
i
n
g
.

g
W
m
a
r
a
l
I
n
f
m
a
t
i
2
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
o
f
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
g
r
i
n
d
e
r
 
f
o
r
 
t
h
e
 
t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
t
y
p
e
 
o
f
 
e
l
e
c
t
r
o
d
e
 
f
o
r
 
s
i
z
e
 
a
n
d
 
t
y
p
e
 
o
f
 
m
e
t
a
l
 
t
o
 
b
e

b
e
 
w
e
l
d
e
d
.

E
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
h
e
a
t
 
f
o
r
 
t
y
p
e
 
a
n
d
 
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
t
a
l
 
b
e
i
n
g
 
w
e
l
d
e
d
.

F
.

P
o
s
i
t
i
o
n
i
n
g
 
w
o
r
k
 
t
o
 
b
e
 
w
e
l
d
e
d
 
i
n
 
t
h
e
 
m
o
s
t
 
a
d
v
a
n
t
a
g
e
o
u
s
 
p
o
s
i
t
i
o
n

f
o
r
 
g
r
a
v
i
t
a
t
i
o
n
a
l
 
e
f
f
e
c
t
s
 
o
n
 
a
p
p
e
a
r
a
n
c
e
 
o
f
 
b
e
a
d
.

G
.

A
p
p
l
y
i
n
g
 
d
i
f
f
e
r
e
n
t
 
e
l
e
c
t
r
o
d
e
 
a
n
g
l
e
s
 
i
n
 
r
e
l
a
t
i
o
n
 
t
o
 
t
y
p
e
 
a
n
d
 
t
h
i
c
k
-

n
e
s
s
 
o
f
 
m
e
t
a
l
 
b
e
i
n
g
 
w
e
l
d
e
d
.

H
.

I
d
e
n
t
i
f
y
i
n
g
 
f
l
u
x
 
f
o
r
 
r
e
m
o
v
a
l
 
w
i
t
h
 
c
h
i
p
p
i
n
g
 
h
a
m
m
e
r
.

I
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
t
y
p
e
 
o
f
 
f
i
l
e
 
f
o
r
 
t
a
s
k
.

J
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
f
o
r
 
t
a
s
k
.

K
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
r
e
c
a
u
t
i
o
n
s
:

(
w
e
a
r
i
n
g
 
g
o
g
g
l
e
s
 
o
r
 
f
a
c
e

s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,
 
m
a
i
n
t
a
i
n
i
n
g
 
e
q
u
i
p
m
e
n
t
 
r
e
g
u
l
a
r
-

l
y
,
 
s
h
i
e
l
d
i
n
g
 
w
e
l
d
i
n
g
 
a
r
e
a
)
.



G
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e

a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l

s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s

p
r
o
c
e
s
s
.

A
.

L
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
p
i
e
c
e
 
a
n
d

t
h
e
 
s
t
e
p
s
 
o
f
 
p
r
o
c
e
d
u
r
e
 
w
h
i
c
h
 
w
o
u
l
d
 
b
e
 
m
o
s
t
 
e
c
o
n
o
m
i
c
a
l
.

B
.

W
e
l
d
i
n
g
 
s
p
e
c
i
f
i
c
 
s
c
r
a
p
 
m
e
t
a
l
 
w
i
t
h
 
d
i
f
f
e
r
e
n
t
 
e
l
e
c
t
r
o
d
e
s
 
a
n
d
 
h
e
a
t
s

c
h
e
c
k
i
n
g
 
w
e
l
d
i
n
g
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
a
g
a
i
n
s
t

y
o
u
r
 
r
e
s
u
l
t
s
.

C
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.

D
.

W
e
l
d
i
n
g
 
j
o
i
n
t
s
 
u
s
i
n
g
 
d
i
f
f
e
r
e
n
t
 
t
h
i
c
k
n
e
s
s
 
m
e
t
a
l
s
.



W
E
L
D
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
I
.

T
i
t
l
e
:

G
a
s
 
W
e
l
d
i
n
g
 
a
n
d
 
B
r
a
y
i
n
g
 
F
e
r
r
o
u
s
 
M
e
t
a
l
s
.

W
e
c
t
i
v
e
:
 
T
o
 
d
e
v
e
l
o
p
 
j
.
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
f
o
r
 
g
a
s

w
e
l
d
i
n
g
,
 
b
r
a
y
i
n
g
 
a
n
d

c
u
t
t
i
n
g
 
f
e
r
r
o
u
s
 
m
e
t
a
l
s
 
i
n
c
l
u
d
i
n
g
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
w
e
l
d
 
j
o
i
n
t
s
:

h
o
r
i
z
o
n
t
a
l

b
u
t
t
,
 
h
o
r
i
z
o
n
t
a
l
 
l
a
p
,
 
h
o
r
i
z
o
n
t
a
l
 
i
n
s
i
d
e
 
c
o
r
n
e
r
,
 
h
o
r
i
z
o
n
t
a
l

o
u
t
s
i
d
e
 
c
o
r
n
a
r
,

h
o
r
i
z
o
n
t
a
l
 
t
e
e
 
a
n
d
 
v
e
r
t
i
c
a
l
 
l
a
p
 
j
o
i
n
t
s
.

hM
ia

m
ls

m
Ig

m
ip

ul
at

ile
L

es
sa

in
g:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
c
o
m
b
i
n
a
t
i
o
n
 
s
q
u
a
r
e
,

c
e
n
t
e
r
 
h
e
a
d
,
 
h
e
r
m
a
p
h
r
o
d
i
t
e
 
c
a
l
i
-

p
e
r
s
,
 
s
u
r
f
a
c
e
 
g
a
u
g
e
,
 
d
i
v
i
d
e
r
s
,

t
r
a
m
m
e
l
 
p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r

p
u
n
c
h
)
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,
 
p
o
w
e
r
 
h
a
c
k
 
s
a
w
,

p
o
w
e
r
 
b
a
n
d
 
s
a
w
,
 
g
a
s
 
c
u
t
t
i
n
g

t
o
r
c
h
)
.

C
.

G
r
i
n
d
i
n
g
 
s
t
o
c
k
 
t
o
 
s
p
e
c
i
f
i
e
d

d
i
m
e
n
s
i
o
n
s
.

D
.

G
r
i
n
d
i
n
g
 
a
 
b
e
v
e
l
 
o
n
 
h
e
a
v
y
 
p
l
a
t
e

f
o
r
 
a
d
e
q
u
a
t
e
 
p
e
n
e
t
r
a
t
i
o
n
.

E
.

C
l
a
m
p
i
n
g
 
w
o
r
k
 
t
o
 
o
b
t
a
i
n
 
f
i
t
-
u
p
.

F
.

C
l
e
a
n
i
n
g
 
m
e
t
a
l
 
p
a
r
t
s
 
t
o
 
b
e

w
e
l
d
e
d
 
t
o
 
o
b
t
a
i
n
 
w
e
l
d
 
w
i
t
h

n
e
c
e
s
s
a
r
y
 
s
t
r
e
n
g
t
h
.

G
.

A
t
t
a
c
h
i
n
g
 
r
e
g
u
l
a
t
o
r
s
 
t
o
 
t
a
n
k
s
.

H
.

C
o
n
n
e
c
t
i
n
g
 
h
o
s
e
s
 
t
o
 
r
e
g
u
l
a
t
o
r
s
.

y
a
n
g
]
.
 
L
e
a
r
n
i
n
g
:

o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
w
e
l
d
 
r
e
q
u
i
r
e
d
 
a
n
d
 
a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
,

n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
 
w
e
l
d
e
d
,
 
a
n
d
 
k
i
n
d

o
f
 
m
a
t
e
r
i
a
l
.

B
.

R
e
a
d
i
n
g
 
e
q
u
i
p
m
e
n
t
 
m
a
n
u
a
l
 
t
o
 
d
e
t
e
r
m
i
n
e

e
q
u
i
p
m
e
n
t
 
s
e
t
-
u
p
.

M
em

A
gx

em
en

t:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
l
e
n
g
t
h

w
i
t
h
 
a
 
r
u
l
e
 
o
r
 
s
c
a
l
e
.

B
.

C
h
e
c
k
i
n
g
 
f
i
t
 
u
p
 
w
i
t
h
 
r
u
l
e
 
a
n
d
 
s
q
u
a
r
e
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
s
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
a
n
d
 
d
i
v
i
d
i
n
g
)
.

e
.



A
t
t
a
c
h
i
n
g
 
w
e
l
d
i
n
g
 
t
i
p
 
t
o
 
h
a
n
d
l
e
.

A
d
j
u
s
t
i
n
g
 
v
a
l
v
e
s
 
f
o
r
 
d
e
s
i
r
e
d

w
o
r
k
i
n
g
 
p
r
e
s
s
u
r
e
.

L
i
g
h
t
i
n
g
 
t
o
r
c
h
,

A
d
j
u
s
t
i
n
g
 
f
l
a
m
e
 
f
o
r
 
c
o
r
r
e
c
t

h
e
a
t
.

M
.

R
u
n
n
i
n
g
 
a
 
b
e
a
d
 
w
i
t
h
 
t
o
r
c
h
 
a
n
d

f
i
l
l
e
r
 
r
o
d
.

N
.

C
l
e
a
n
i
n
g
 
w
e
l
d
 
w
i
t
h
 
w
i
r
e
 
b
r
u
s
h
.

0
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
f
i
n
i
s
h
e
d

w
o
r
k
 
w
i
t
h
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
o
r
 
f
i
l
e
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
a
n
d

t
h
e
 
f
u
s
i
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
g
r
i
n
d
e
r
 
f
o
r
 
t
h
e
 
t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
w
r
e
n
c
h
e
s
 
f
o
r
 
v
a
l
v
e
 
c
o
n
t
r
o
l
s
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
w
e
l
d
i
n
g
 
t
i
p
s
 
f
o
r
 
t
a
s
k
.

r
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
w
e
l
d
i
n
g
 
r
o
d
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

G
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
 
u
s
i
n
g
g
a
s
 
w
e
l
d
i
n
g
 
e
q
u
i
p
-

m
e
n
t
:

(
w
e
a
r
i
n
g
 
g
o
g
g
l
e
s

o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,

i
n
s
p
e
c
t
i
n
g
 
e
q
u
i
p
m
e
n
t
 
f
o
r
 
l
e
a
k
s
 
a
n
d
 
v
a
l
v
e
 
r
e
g
u
l
a
t
i
o
n
,
 
m
a
i
n
t
a
i
n

e
q
u
i
p
-

m
e
n
t
 
r
e
g
u
l
a
r
l
y
,
 
s
h
i
e
l
d
i
n
g
 
w
e
l
d
i
n
g
a
r
e
a
,
 
c
r
a
c
k
i
n
g
 
c
y
l
i
n
d
e
r
 
v
a
l
v
e
s
,

h
a
n
d
l
i
n
g
 
t
a
n
k
s
 
w
i
t
h
 
p
r
o
p
e
r

c
a
r
e
,
 
w
e
l
d
i
n
g
 
e
l
i
m
i
n
a
t
i
n
g
 
f
l
a
d
h
-
b
a
c
k
s
 
a
n
d

b
a
c
k
f
i
r
e
s
,
 
r
e
c
o
g
n
i
z
i
n
g
 
t
h
e
 
d
a
n
g
e
r
 
o
f
 
u
s
i
n
g
 
o
i
l
 
w
i
t
h
o
x
y
g
e
n
,
 
t
u
r
n
i
n
g

o
f
f
 
t
o
r
c
h
 
i
n
 
p
r
o
p
e
r
 
s
e
q
u
e
n
c
e
.



S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
m

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e

a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o

i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

1
4
,
.

C
h
e
c
k
i
n
g
-
s
a
f
e
t
y
 
p
r
a
c
t
i
c
e
d
 
b
y
 
d
i
f
f
e
r
e
n
t

s
t
u
d
e
n
t
s
 
a
g
a
i
n
s
t
 
e
s
t
a
b
l
i
s
h
e
d

s
t
a
n
d
a
r
d
s
.

B
.

P
r
a
c
t
i
c
i
n
g
 
t
u
r
n
i
n
g
 
o
n
 
a
n
d
 
o
f
f
 
t
h
e
 
v
a
l
v
e
s

i
n
 
p
r
o
p
e
r
 
s
e
q
u
e
n
c
e
 
t
o

a
s
s
u
r
e

t
h
a
t
 
t
h
e
 
p
a
t
t
e
r
n
 
i
s
 
l
e
a
r
n
e
d
.

C
.

P
r
a
c
t
i
c
i
n
g
 
w
e
l
d
i
n
g
 
d
i
f
f
e
r
e
n
t
 
j
o
i
n
t
s
 
w
i
t
h

s
c
r
a
p
 
m
e
t
a
l
 
t
o
 
d
e
v
e
l
o
p
 
s
k
i
l
l

i
n
 
h
a
n
d
l
i
n
g
 
t
o
r
c
h
 
a
n
d
 
r
o
d
.

D
.

C
h
e
c
k
i
n
g
 
f
i
t
 
u
p
 
o
f
 
w
e
l
d
i
n
g
 
a
s
s
e
m
b
l
y
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
w
e
l
d
i
n
g
 
t
o
 
d
e
t
e
r
-

m
i
n
e
 
a
c
c
u
r
a
c
y



W
E
L
D
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
.
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
I
I

T
i
t
l
e
:

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n
 
P
e
r
t
a
i
n
i
n
g
 
t
o
 
W
e
l
d
i
n
g
 
a
n
d
 
R
e
l
a
t
e
d
 
O
c
c
u
p
a
t
i
o
n
s
.

O
b
j
e
c
t
i
v
e
:

T
o
 
a
c
q
u
a
i
n
t
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
w
i
t
h
 
t
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
w
e
l
d
i
n
g
 
a
n
d
 
r
e
l
a
t
e
d

o
c
c
u
p
a
t
i
o
n
s
.

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n

O
b
t
a
i
n
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e
 
w
a
g
e
 
s
c
a
l
e
.

C
.

T
h
e
 
t
y
p
e
s
 
o
f
 
t
r
a
i
n
i
n
g
 
a
v
a
i
l
a
b
l
e
.

D
.

T
h
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
e
x
p
e
r
i
e
n
c
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

E
.

T
h
e
 
p
h
y
s
i
c
a
l
 
a
n
d
 
m
e
n
t
a
l
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
n
e
e
d
e
d
 
f
o
r
 
q
u
a
l
i
f
i
c
a
t
i
o
n

f
o
r
 
e
m
p
l
o
y
m
e
n
t
.

F
.

T
h
e
 
g
e
o
g
r
a
p
h
i
c
a
l
 
l
o
c
a
t
i
o
n
 
o
f
 
e
m
p
l
o
y
m
e
n
t
.

G
.

T
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
f
o
r
a
n
c
e
m
e
n
t
.

H
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

I
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
w
o
r
k
 
i
n
v
o
l
v
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

J
.

T
h
e
 
u
n
i
o
n
 
i
n
v
o
l
v
e
m
e
n
t
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

K
.

T
h
e
 
m
e
a
n
s
 
o
f
 
e
n
t
r
y
 
i
n
t
o
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.



S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
.

W
r
i
t
i
n
g
 
s
p
e
e
.
f
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
t
h
e

o
c
c
u
p
a
t
i
o
n
s
 
c
A
2
 
t
h
e
 
m
e
t
a
l
 
f
o
r
m
i
n
g
 
a
n
d
 
f
a
b
r
i
c
a
t
i
o
n
 
c
l
u
s
t
e
r
.

B
.

V
i
s
i
t
i
n
g
 
a
n
 
o
f
f
i
c
e
 
o
f
 
t
h
e
 
S
t
a
t
e
 
E
m
p
l
o
y
m
e
n
t
 
S
e
r
v
i
c
e
.

C
.

L
i
s
t
e
n
i
n
g
 
t
o
 
a
 
s
p
e
a
k
e
r
 
f
r
d
m
 
a
.
 
t
r
a
d
e
 
u
n
i
o
n
.

D
.

W
r
i
t
i
n
g
 
l
e
t
t
e
r
s
 
t
o
 
c
o
r
r
e
s
p
o
n
d
e
n
c
e
 
a
n
d
 
t
r
a
d
e
 
s
c
h
o
o
l
s
 
i
n
 
o
r
d
e
r
 
t
o

d
e
t
e
r
m
i
n
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l
 
t
r
a
i
n
i
n
g
.

E
.

V
i
s
i
t
i
n
g
 
a
 
s
c
h
o
o
l
 
f
o
r
 
a
p
p
r
e
n
t
i
c
e
s
.

F
.

V
i
s
i
t
i
n
g
 
a
 
w
e
l
d
i
n
g
 
i
n
d
u
s
t
r
y
.

G
.

W
a
t
c
h
i
n
g
 
m
o
v
i
e
s
 
o
n
 
w
e
l
d
i
n
g
 
a
c
t
i
v
i
t
i
e
s
,
,

H
.

R
e
a
d
i
n
g
 
t
h
e
 
O
c
c
u
p
a
t
i
o
n
a
l
 
O
u
t
l
o
o
k
 
H
a
n
d
b
o
o
k
.



LEVEL II EXPERIENCES

SECOND YEAR. PROGRAM



W
E
L
D
I
N
G

E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I

T
i
t
l
e
:

B
r
a
z
i
n
g
 
N
o
n
-
f
e
r
r
o
u
s
 
M
e
t
a
l
s
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
f
o
r
 
b
r
a
z
i
n
g

n
o
n
-
f
e
r
r
o
u
s
 
m
e
t
a
l
s

i
n
c
l
u
d
i
n
g
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
j
o
i
n
t
s
:

h
o
r
i
z
o
n
t
a
l
 
b
u
t
t
,
 
h
o
r
i
z
o
n
t
a
l
 
l
a
p
,
 
h
o
r
i
z
o
n
t
a
l

i
n
s
i
d
e
 
c
o
r
n
e
r
,
 
h
o
r
i
z
o
n
t
a
l
 
o
u
t
s
i
d
e

c
o
r
n
e
r
,
 
h
o
r
i
z
o
n
t
a
l
 
t
e
e
,
 
v
e
r
t
i
c
a
l
 
l
a
p
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
c
o
m
b
i
n
a
t
i
o
n
 
s
q
u
a
r
e
,

c
e
n
t
e
r
 
h
e
a
d
,
 
h
e
r
m
a
p
h
r
o
d
i
t
e
 
c
a
l
i
p
e
r
s
,

s
u
r
f
a
c
e
 
g
a
u
g
e
,
 
d
i
v
i
d
e
r
s
,
 
t
r
a
m
m
e
l

p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r
 
p
u
n
c
h
)
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,
 
p
o
w
e
r
 
h
a
c
k

s
a
w
,
 
p
o
w
e
r

b
a
n
d
 
s
a
w
)
.

C
.

G
r
i
n
d
i
n
g
 
s
t
o
c
k
 
t
o
 
s
p
e
c
i
f
i
e
d

d
i
m
e
n
s
i
o
n
s
.

D
.

G
r
i
n
d
i
n
g
 
a
 
b
e
v
e
l
 
o
n
 
h
e
a
v
y
 
p
l
a
t
e

f
o
r
 
a
d
e
q
u
a
t
e
 
p
e
n
e
t
r
a
t
i
o
n
.
.

E
.

C
l
a
m
p
i
n
g
-
w
o
r
k
 
t
o
 
o
b
t
a
i
n
 
f
i
t
-
u
p
.

F
.

C
l
e
a
n
i
n
g
 
m
e
t
a
l
 
p
a
r
t
s
 
t
o
 
b
e
 
w
e
l
d
e
d

t
o
 
o
b
t
a
i
n
 
w
e
l
d
 
w
i
t
h
 
n
e
c
e
s
s
a
r
y

s
t
r
e
n
g
t
h
.

G
.

A
t
t
a
c
h
i
n
g
 
r
e
g
u
l
a
t
o
r
s
 
t
o
 
t
a
n
k
s
.

H
.

C
o
n
n
e
c
t
i
n
g
 
h
o
s
e
s
 
t
o
 
r
e
g
u
l
a
t
o
r
s
.

I
.

A
t
t
a
c
h
i
n
g
 
w
e
l
d
i
n
g
 
t
i
p
 
t
o
 
h
a
n
d
l
e
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

g
o
l
t
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
w
e
l
d
 
r
e
q
u
i
r
e
d
 
a
n
d
 
a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
,

n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
 
w
e
l
d
e
d
 
a
n
d
 
k
i
n
d

o
f
 
m
a
t
e
r
i
a
l
.

B
.

R
e
a
d
i
n
g
 
e
q
u
i
p
m
e
n
t
 
m
a
n
u
a
l
 
t
o
 
d
e
t
e
r
m
i
n
e

e
q
u
i
p
m
e
n
t
 
s
e
t
-
u
p
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
l
e
n
g
t
h

w
i
t
h
 
a
 
r
u
l
e
 
o
r
 
s
c
a
l
e
.

B
.

C
h
e
c
k
i
n
g
 
f
i
t
 
u
p
 
w
i
t
h
 
r
u
l
e
 
a
n
d
 
s
q
u
a
r
e
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
u
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.



J
.

A
d
j
u
s
t
i
n
g
 
v
a
l
v
e
s
 
f
o
r
 
d
e
s
i
r
e
d
.
 
w
o
r
k
i
n
g

p
r
e
s
s
u
r
e
.

K
.

L
i
g
h
t
i
n
g
 
t
o
r
c
h
.

L
.

A
d
j
u
s
t
i
n
g
 
f
l
a
m
e
 
f
o
r
 
c
o
r
r
e
c
t
 
h
e
a
t
.

M
.

R
u
n
n
i
n
g
 
a
 
b
e
a
d
 
w
i
t
h
 
t
o
r
c
h
 
a
n
d

f
i
l
l
e
r
 
r
o
d
.

N
.

C
l
e
a
n
i
n
g
 
w
e
l
d
 
w
i
t
h
 
w
i
r
e
 
b
r
u
s
h
.
.

0
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
f
i
n
i
s
h
e
d
 
w
o
r
k

w
i
t
h
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
o
r
 
f
i
l
e
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
a
n
d

.

t
h
e
 
f
u
s
i
b
i
l
i
t
y
 
o
f
 
v
a
r
i
o
u
s

m
e
t
a
l
s
.

G
r
a
u
s
a
l
I
n
f
o
r
m
a
t
t
o
x

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r

t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
c
k
s
a
w
 
b
l
a
d
e
s

f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
g
r
i
n
d
e
r
 
f
o
r
 
t
h
e

t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
w
r
e
n
c
h
e
s
 
f
o
r
v
a
l
v
e
 
c
o
n
t
r
o
l
s
.

E
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
w
e
l
d
i
n
g
 
t
i
p
s
 
f
o
r

t
a
s
k
.

F
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
w
e
l
d
i
n
g
 
r
o
d
s
 
f
o
r
t
h
e
 
t
a
s
k
.

G
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
w
h
e
n
 
u
s
i
n
g
 
g
a
s
 
w
e
l
d
i
n
g
 
e
q
u
i
p
-

m
e
n
t
s

(
w
e
a
r
i
n
g
 
g
o
g
g
l
e
s
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
p
p
a
r
e
l
,

i
n
s
p
e
c
t
i
n
g
 
e
q
u
i
p
m
e
n
t
 
f
o
r
 
l
e
a
k
s
 
a
n
d

v
a
l
v
e
 
r
e
g
u
l
a
t
i
o
n
,
 
m
a
i
n
t
a
i
n
 
e
q
u
i
p
-

m
e
n
t
 
r
e
g
u
l
a
r
l
y
,
 
s
h
i
e
l
d
i
n
g
 
w
e
l
d
i
n
g
a
r
e
a
,
 
c
r
a
c
k
i
n
g
 
c
y
l
i
n
d
e
r
 
v
a
l
v
e
s
,

h
a
n
d
l
i
n
g
 
t
a
n
k
s
 
w
i
t
h
p
r
o
p
e
r
 
c
a
r
e
,
 
w
e
l
d
i
n
g
 
e
l
i
m
i
n
a
t
i
n
g
 
f
l
a
s
h
-
 
b
a
c
k
s
 
a
n
d

b
a
c
k
f
i
r
e
s
,
 
r
e
c
o
g
n
i
z
i
n
g
 
t
h
e
 
d
a
n
g
e
r
 
o
f
u
s
i
n
g
 
o
i
l
 
w
i
t
h
 
o
x
y
g
e
n
,
 
t
u
r
n
i
n
g

o
f
f
 
t
o
r
c
h
 
i
n
 
p
r
o
p
e
r

s
e
q
u
e
n
c
e
.

S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
y
l
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s

t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o

l
e
n
g
t
h
.

B
.

P
r
a
c
t
i
c
i
n
g
 
b
r
a
z
i
n
g
 
o
n

s
c
r
a
p
 
p
i
e
c
e
s
 
d
i
f
f
e
r
e
n
t
 
t
y
p
e
s
 
o
f
 
j
o
i
n
t
s
 
t
o
 
d
e
v
e
l
o
p

s
k
i
l
l
 
w
i
t
h
 
t
o
r
c
h
 
a
n
d
 
r
o
d
.

C
.

C
h
e
c
k
i
n
g
 
f
i
t
 
u
p
 
o
f
 
w
e
l
d
i
n
g

a
s
s
e
m
b
l
y
 
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
w
e
l
d
i
n
g
 
t
o
 
d
e
t
e
r
-

m
i
n
e
 
a
c
c
u
r
a
c
y
.



W
E
L
D
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I
I

jig
:

I
n
e
r
t
 
G
a
s
 
W
e
l
d
i
n
g
 
F
e
r
r
o
u
s
 
a
n
d
 
N
o
n
-
f
e
r
r
o
u
s
 
M
e
t
a
l
s
.

j
a
d
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
f
o
r
 
i
n
e
r
t
 
g
a
s
 
w
e
l
d
i
n
g
 
f
e
r
r
o
u
s

a
n
d
 
n
o
n
-
f
e
r
r
o
u
s
 
m
e
t
a
l
s
 
i
n
c
l
u
d
i
n
g
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
j
o
i
n
t
s
:

h
o
r
i
z
o
n
t
a
l
 
b
u
t
t
,

h
o
r
i
z
o
n
t
a
l
 
i
n
s
i
d
e
 
c
o
r
n
e
r
,
 
1
.
.
)
r
i
z
o
n
t
a
l
 
o
u
t
s
i
d
e
 
c
o
r
n
e
r
,
 
h
o
r
i
z
o
n
t
a
l
 
t
e
e
,
 
v
e
r
t
i
-

c
a
l
 
l
a
p
,
 
b
u
t
t
 
j
o
i
n
t
s
 
o
n
 
p
i
p
e
 
s
t
o
c
k
 
w
h
i
l
e
 
f
i
x
e
d
 
a
n
d
 
w
h
i
l
e
 
r
o
l
l
i
n
g
.

ff
iv

ia
L

aL
at

M
a
n
i
p
u
l
a
t
i
v
e

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
c
o
m
b
i
n
a
t
i
o
n
 
s
q
u
a
r
e
,

c
e
n
t
e
r
 
h
e
a
d
,
 
h
e
r
m
a
p
h
r
o
d
i
t
e
 
c
a
l
i
-

p
e
r
s
,
 
s
u
r
f
a
c
e
 
g
a
u
g
e
,
 
d
i
v
i
d
e
r
s
,

t
r
a
m
m
e
l
 
p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r

p
u
n
c
h
)
.

B
.

C
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
 
w
i
t
h
:

(
h
a
n
d
 
s
a
w
,
 
p
o
w
e
r
 
h
a
c
k
 
s
a
w
,
 
p
o
w
e
r

b
a
n
d
 
s
a
w
,
 
g
a
s
 
c
u
t
t
i
n
g
 
t
o
r
c
h
)
.

C
.

I
n
s
t
a
l
l
i
n
g
 
c
o
n
s
u
m
a
b
l
e
 
f
i
l
l
e
r
 
w
i
r
e

i
n
 
M
I
G
 
w
e
l
d
i
n
g
 
e
q
u
i
p
m
e
n
t
.

C
h
e
c
k
i
n
g
 
e
l
e
c
t
r
i
c
a
l
 
c
o
n
n
e
c
t
i
o
n
s

f
o
r
 
t
i
g
h
t
n
e
s
s
.

E
.

S
e
t
t
i
n
g
 
u
p
 
i
n
e
r
t
 
g
a
s
 
w
e
l
d
i
n
g

e
q
u
i
p
m
e
n
t
 
a
c
c
o
r
d
i
n
g
 
t
o
 
w
e
l
d
e
r

m
a
n
u
a
l
.

C
h
e
c
k
i
n
g
 
i
n
e
r
t
 
g
a
s

t
i
g
h
t
n
e
s
s
.

G
.

B
e
l
t
 
s
a
n
d
i
n
g
 
s
t
o
c
k

d
i
m
e
n
s
i
o
n
 
a
n
d
 
w
e
l
d

f
i
t
t
i
n
g
s
 
f
o
r

t
o
 
s
p
e
c
i
f
i
c

a
n
g
l
e
s
.

V
e
t
b
a
k
L
e
a
r
n
i
v
a
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
w
e
l
d
i
n
g
 
r
e
q
u
i
r
e
d
 
a
n
d
 
a
c
c
u
r
a
c
y
 
r
e
-

q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
 
w
e
l
d
e
d
,

a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
.

R
e
a
d
i
n
g
 
e
q
u
i
p
m
e
n
t
 
m
a
n
u
a
l
 
t
o
 
d
e
t
e
r
m
i
n
e

e
q
u
i
p
m
e
n
t
 
s
e
t
-
u
p
.

M
m
u
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
s
t
o
c
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 
l
e
n
g
t
h

w
i
t
h
 
a
 
r
u
l
e
 
o
r
 
s
c
a
l
e
.

B
.

C
h
e
c
k
i
n
g
 
f
i
t
 
u
p
 
w
i
t
h
 
r
u
l
e
 
a
n
d
 
s
q
u
a
r
e
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)

.



H
.

C
l
a
m
p
i
n
g
 
w
o
r
k
 
t
o
 
o
b
t
a
i
n

f
i
t
 
u
p
.

I
.

C
l
e
a
n
i
n
g
 
m
e
t
a
l
 
p
a
r
t
s

t
o
 
b
e
 
w
e
l
d
e
d

t
o
 
o
b
t
a
i
n
 
m
a
x
i
m
u
m
 
s
t
r
e
n
g
t
h

f
r
o
m

w
e
l
d
.

J
.

P
r
e
p
a
r
i
n
g
 
t
u
n
g
s
t
e
n
 
e
l
e
c
t
r
o
d
e

f
o
r

t
y
p
e
 
c
u
r
r
e
n
t
 
t
o
 
b
e
 
u
s
e
d
.

K
.

S
t
r
i
k
i
n
g
 
a
n
 
a
r
c
 
t
o
 
b
e
g
i
n

w
e
l
d
i
n
g
 
p
r
o
c
e
s
s
.

L
.

T
a
c
k
i
n
g
 
f
i
t

u
p
 
t
o
 
r
e
l
i
e
v
e
 
s
t
r
e
s
s
e
s
.

M
.

R
u
n
n
i
n
g
 
a
 
b
e
a
d
o
n
 
w
e
l
d
 
j
o
i
n
t

a
c
c
o
r
d
i
n
g
 
t
o
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

S
c
i
e
n
c
e
:

A
.

E
x
p
l
a
i
n
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l

p
r
o
p
e
r
t
i
e
s
.
a
n
d

t
h
e
 
f
u
s
i
b
i
l
i
t
y
 
o
f
v
a
r
i
o
u
s
 
m
e
t
a
l
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e

l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e

t
a
d
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
h
a
c
k
s
a
w
 
b
l
a
d
e
s
 
f
o
r
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
t
y
p
e
 
o
f
 
e
l
e
c
t
r
o
d
e
 
f
o
r

t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
t
y
p
e
 
c
u
r
r
e
n
t

t
o
 
b
e
 
u
s
e
d
 
a
c
c
o
r
d
i
n
g

t
o
 
m
e
t
a
l
 
b
e
i
n
g
 
w
e
l
d
e
d
.

E
.

R
e
c
o
g
n
i
z
i
n
g
 
v
a
r
i
o
u
s
 
s
i
z
e
s

a
n
d
 
t
y
p
e
 
o
f
 
w
e
l
d
i
n
g

t
i
p
s
.

F
.

P
o
s
i
t
i
o
n
i
n
g
 
w
o
r
k
 
t
o
 
b
e
w
e
l
d
e
d
 
i
n
 
t
h
e
 
m
o
s
t

a
d
v
a
n
t
a
g
e
o
u
s
 
p
o
s
i
t
i
o
n
 
f
o
r

g
r
a
v
i
t
a
t
i
o
n
a
l
 
e
f
f
e
c
t
s
o
n
 
t
h
e
 
a
p
p
e
a
r
a
n
c
e
 
o
f
 
t
h
e
 
b
e
a
d
.

G
.

A
p
p
l
y
i
n
g
 
d
i
f
f
e
r
e
n
t

a
n
g
l
e
s
 
i
n
 
r
e
l
a
t
i
o
n
 
t
o
t
y
p
e
 
a
n
d
 
t
h
i
c
k
n
e
s
s
 
o
f

m
e
t
a
l
.

H
.

S
t
a
n
d
i
n
g
 
i
n
p
r
o
p
e
r
 
r
e
l
a
t
i
o
n
 
t
o
 
w
o
r
k
 
t
o
 
b
e
w
e
l
d
e
d
.

I
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
f
i
l
e

f
o
r
 
t
a
s
k
.

J
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e

a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
f
o
r
 
t
a
s
k
.

K
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
p
r
e
c
a
u
t
i
o
n
s
 
w
h
e
n
 
u
s
i
n
g
i
n
e
r
t
 
g
a
s
 
w
e
l
d
i
n
g

e
q
u
i
p
m
e
n
t
:

(
w
e
a
r
i
n
g
 
g
o
g
g
l
e
s
o
r
 
f
a
c
e
 
s
h
i
e
l
d
,
 
w
e
a
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e

a
p
p
a
r
e
l
,
 
m
a
i
n
t
a
i
n
i
n
g
,
e
q
u
i
p
m
e
n
t
 
r
e
g
u
l
a
r
l
y
,

s
h
i
e
l
d
 
w
e
l
d
i
n
g
 
a
r
e
a
)
.

S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s

s
h
o
u
l
d
 
b
e
 
m
a
d
e

a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f

a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l

s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
S

p
r
o
c
e
s
s
.

A
.

W
e
l
d
i
n
g
 
s
t
a
n
d
a
r
d
 
s
i
z
e

s
t
r
i
p
s
 
o
f
 
s
a
m
e
 
t
y
p
e
 
f
e
r
r
o
u
s
m
e
t
a
l
s
 
u
s
i
n
g
 
d
i
f
f
e
r
-

e
n
d
 
w
e
l
d
i
n
g

p
r
o
c
e
s
s
e
s
 
a
n
d
 
t
e
s
t
i
n
g
 
t
h
e
 
s
t
r
e
n
g
t
h
o
f
 
e
a
c
h

p
r
o
c
e
s
s
 
u
s
e
d
.

B
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g

s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.



.
W
E
L
D
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I
I
I

1
=
1
9
1
:

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n
 
P
e
r
t
a
i
n
i
n
g
 
t
o
 
W
e
l
d
i
n
g
 
a
n
d
 
R
e
l
a
t
e
d
 
O
c
c
u
p
a
t
i
o
n
s
.

O
b
i
e
c
t
i
v
e
:

T
o
 
a
c
q
u
a
i
n
t
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
w
i
t
h
 
t
h
e

o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
w
e
l
d
i
n
g
 
a
n
d
 
r
e
l
a
t
e
d

o
c
c
u
p
a
t
i
o
n
s
.

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n

O
b
t
a
i
n
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e

w
a
g
e
 
s
c
a
l
e
.

C
.

T
h
e
 
t
y
p
e
s
 
o
f
 
t
r
a
i
n
i
n
g
 
a
v
a
i
l
a
b
l
e
.

.

D
.

T
h
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
e
x
p
e
r
i
e
n
c
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

E
.

T
h
e
 
p
h
y
s
i
c
a
l
 
a
n
d
 
m
e
n
t
a
l
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
n
e
e
d
e
d
 
f
o
r
q
u
a
l
i
f
i
c
a
t
i
o
n

f
o
r
 
e
m
p
l
o
y
m
e
n
t
.

F
.

T
h
e
 
g
e
o
g
r
a
p
h
i
c
a
l
 
l
o
c
a
t
i
o
n
 
o
f
 
e
m
p
l
o
y
m
e
n
t
.

G
.

T
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
v
a
n
c
e
m
e
n
t
.

H
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f
 
t
h
e

o
c
c
u
p
a
t
i
o
n
.

I
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
w
o
r
k
 
i
n
v
o
l
v
e
d
 
i
n
 
t
h
e
o
c
c
u
p
a
t
i
o
n
.

3
.

T
h
e
 
u
n
i
o
n
 
i
n
v
o
l
v
e
m
e
n
t
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

K
.

T
h
e
 
m
e
a
n
s
 
o
f
 
e
n
t
r
y
 
i
n
t
o
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.



S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
.

W
r
i
t
i
n
g
 
s
p
e
c
i
f
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g
,
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
t
h
e

o
c
c
u
p
a
t
i
o
n
s
 
o
f
 
t
h
e
 
m
e
t
a
l
 
f
o
r
m
i
n
g
 
a
n
d
 
f
a
b
r
i
c
a
t
i
o
n
 
c
l
u
s
t
e
r
.

B
.

V
i
s
i
t
i
n
g
 
a
n
 
o
f
f
i
c
e
 
o
f
 
t
h
e
 
S
t
a
t
e
 
E
m
p
l
o
y
m
e
n
t
 
S
e
r
v
i
c
e
.

C
.

L
i
s
t
e
n
i
n
g
 
t
o
 
a
 
s
p
e
a
k
e
r
 
f
r
o
m
 
a
 
t
r
a
d
e
 
u
n
i
o
n
.

D
.

W
r
i
t
i
n
g
 
l
e
t
t
e
r
s
 
t
o
 
c
o
r
r
e
s
p
o
n
d
e
n
c
e
 
a
n
d
 
t
r
a
d
e
 
s
c
h
o
o
l

i
n
 
o
r
d
e
r
 
t
o

d
e
t
e
r
m
i
n
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l
 
t
r
a
i
n
i
n
g
.

E
.

V
i
s
i
t
i
n
g
 
a
 
s
c
h
o
o
l
 
f
o
r
 
a
p
p
r
e
n
t
i
c
e
s
.

F
.

V
i
s
i
t
i
n
g
 
a
 
m
e
l
d
i
n
g
 
i
n
d
u
s
t
r
y
.

G
.

W
a
t
c
h
i
n
g
 
m
o
v
i
e
s
 
o
n
 
w
e
l
d
i
n
g
 
a
c
t
i
v
i
t
i
e
s
.

H
.

R
e
a
d
i
n
g
 
t
h
e
 
O
c
c
u
t
i
o
n
a
l
 
O
u
t
l
o
o
k
 
H
a
n
d
b
o
o
k
.



T
Y
P
E

-
B
o
o
k

B
o
o
k

B
o
o
k

I
N
S
T
R
U
C
T
I
O
N
A
L
 
M
A
T
E
R
I
A
L
S
 
F
O
R
 
W
E
L
D
I
N
G

T
I
T
L
E

M
o
d
e
r
n
 
W
e
l
d
i
n
g

b
y
 
A
n
d
r
e
w
 
A
.
 
A
l
t
h
o
u
s
e
,

C
a
r
l
 
H
.
 
T
u
r
n
q
u
i
s
t
 
a
n
d

W
i
l
l
i
a
m
 
A
.
 
B
o
w
d
i
t
c
h

W
el

di
ng

S
k
i
l
l
s
 
a
n
d

P
r
a
c
t
i
c
e
s
 
b
y
 
J
.
W
.

G
i
a
c
h
i
n
o
,
 
W
i
l
l
e
a
m
 
W
e
e
k
s

a
n
d
 
E
l
m
e
r
 
B
r
u
n
e

N
e
w
 
L
e
s
s
o
n
s
 
i
n
 
A
r
c

;
g
e
l
d
i
n
g
 
b
y
 
L
i
n
c
o
l
n

E
l
e
c
t
r
i
c
 
C
o
m
p
a
n
y

F
i
l
m

A
l
u
m
i
n
u
m
 
W
e
l
d
i
n
g
 
I
s

D
i
f
f
e
k
e
h
t
-
-

F
i
l
m

A
r
c
 
W
e
l
d
i
n
g

F
i
l
m

C
o
n
s
u
m
a
b
l
e
 
I
n
s
e
r
t

f
t
l
d
i
n
g

D
E
S
C
T
I
P
T
I
O
N

A
.
 
w
e
l
l
 
i
l
l
u
s
t
r
a
t
e
d
 
t
e
x
t

c
o
v
e
r
i
n
g
 
p
r
a
c
t
i
c
a
l
l
y
 
-
a
l
l

t
h
e
 
m
o
d
e
r
n
 
w
e
l
d
i
n
g
p
r
a
c
-

t
i
c
e
s

S
O
U
R
C
E

G
o
o
d
h
e
a
r
t
-
W
i
l
l
c
o
x
 
C
o
.

A
 
b
a
s
i
c
 
t
e
x
t
 
o
n
 
m
a
n
y
 
o
f
 
t
h
e

A
m
e
r
i
c
a
n
 
T
e
c
h
n
i
c
a
l

m
o
d
e
r
n
 
w
e
l
d
i
n
g
 
p
r
a
c
t
i
c
e
s

S
o
c
i
e
t
y

T
h
e
 
t
e
x
t
 
c
o
v
e
r
s
 
t
h
e
 
a
r
e
a
 
o
f

L
i
n
c
o
l
n
 
E
l
e
c
t
r
i
c
 
C
o
.
.

a
r
c
-
w
e
l
d
i
n
g
 
u
s
i
n
g
 
a
n
 
u
p
-
t
o

d
a
t
e
 
a
p
p
r
o
a
c
h
.

F
i
l
m
 
s
h
o
w
s
 
t
h
a
t
 
a
l
u
m
i
n
u
m

i
s
 
e
a
s
y
 
t
o
 
j
o
i
n
 
b
y
 
w
e
l
d
i
n
g
,

b
r
a
z
i
n
g
 
o
r
 
s
o
l
d
e
r
i
n
g
.

3
3

m
i
n
.
 
f
r
e
e
,
 
c
o
l
o
r
.

F
i
l
m
 
s
h
o
w
s
 
m
e
t
a
l
-
a
r
c
,
 
c
a
r
-

b
o
n
-
a
r
c
 
a
n
d
 
a
t
o
m
i
c
-
h
y
d
r
o
g
e
n

A
m
e
r
i
c
a

p
r
o
c
e
s
s
e
s
 
f
o
r
 
w
e
l
d
i
n
g
 
a
l
u
m
i
-

n
u
m
.
 
1
0
 
m
i
n
.
 
f
r
e
e
,
 
c
o
l
o
r
.

R
e
y
n
o
l
d
s
M
e
t
a
l
s
 
C
o
.

;
A
l
u
m
i
n
u
m
 
C
o
m
p
a
n
y
 
o
f

F
i
l
m
 
s
h
o
w
s

a
.
 
s
p
e
c
i
a
l
 
E
 
-
B

w
e
l
d
 
i
n
s
e
r
t
 
t
o
 
j
o
i
n
 
p
i
p
e
 
o
n

o
n
e
 
s
i
d
e
 
o
n
l
y
.
.
 
2
0
 
m
i
n
.
 
f
r
e
e
,

B
 
&
 
W
.

A
r
c
o
s
 
C
o
r
p
o
r
a
t
i
o
n



F
i
l
m

I
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
C
a
g
y
.
-

F
i
l
m
 
s
h
o
w
s
 
t
o
o
l
s
 
a
n
d
 
e
q
u
i
p
-

J
a
m
 
H
a
n
d
y

A
c
e
t
y
l
e
n
e
 
W
e
l
d
i
n
g

.

m
e
n
t
,
 
o
b
t
a
i
n
i
n
g
 
c
o
r
r
e
c
t

f
l
a
m
e
,
 
m
a
n
i
p
u
l
a
t
i
o
n
 
a
n
d

r
u
n
n
i
n
g
 
b
e
a
d
s
.
 
2
 
r
e
e
l
s
,

$
7
8
.
0
0
,
 
B
 
&
 
W
.

F
i
l
m

M
o
d
e
r
n
 
M
e
t
h
o
d
s
 
o
f

F
i
l
m
 
e
x
p
l
a
i
n
s
 
h
o
w
g
a
s

L
i
n
d
e
-
 
C
o
m
p
a
n
y

J
o
i
n
i
n
g
 
M
e
t
a
l
s

s
h
i
e
l
d
e
d
 
a
n
d
 
m
a
g
n
e
t
i
c
 
f
l
u
e

P
a
m
p
h
l
e
t

A
r
c
 
W
e
l
d
i
n
g

P
a
m
p
h
l
e
t

F
u
s
i
o
n
 
F
a
c
t
s
.

P
a
m
p
h
l
e
t

W
e
l
d
i
n
g
 
a
n
d
 
O
x
y
g
e
n

C
u
t
t
e
r
s

m
e
t
h
o
d
s
 
a
r
e
 
u
s
e
d
 
i
n
 
i
n
d
u
s
-

t
r
y
.
 
2
2
 
m
i
n
.
 
$
1
0
0
.
0
0
,

c
o
l
o
r
.

p
o
c
k
e
t
 
m
a
n
u
a
l
 
o
n
 
h
o
w
a
r
c

I
n
d
u
s
t
r
i
a
l
 
B
o
o
k
.
 
C
o
.

w
e
l
d
i
n
g
 
i
s
 
u
s
e
d
 
i
n
 
i
n
d
u
s
-

t
r
y
.
 
P
u
r
c
h
a
s
e
.

P
h
a
m
p
h
l
e
t
 
g
i
v
e
s
 
f
a
c
t
s

o
n

S
t
o
o
d
y
 
C
o
m
p
a
n
y

h
o
w
 
w
e
l
d
i
n
g
 
c
a
n
 
i
n
c
r
e
a
s
e

t
h
e
 
l
i
f
e
 
o
f
 
m
e
t
a
l
s
.

O
c
c
u
p
a
t
i
o
n
a
l
 
O
u
t
l
o
 
©
k
 
H
a
n
d
-

U
.
S
.
 
D
e
p
a
r
t
m
e
n
t
 
o
f

b
o
o
k
,
 
B
u
l
l
e
t
i
n
 
N
o
.
 
1
2
1
5
-

L
a
b
o
r

6
5
.
 
P
u
r
c
h
a
s
e
;



LEVEL I EXPERIENCES

FIRST YEAR PROGRAM

4



S
H
E
E
T
 
M
E
T
A
L
 
W
O
R
K
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I

T
i
t
i
g
:

C
u
t
t
i
n
g
 
S
h
e
e
t
 
M
e
t
a
l
 
W
i
t
h
 
H
a
n
d
 
T
o
o
l
s

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
i
n
c
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
 
h
a
n
d

c
u
t
t
i
n
g
 
s
n
i
p
s
 
a
n
d
 
s
h
e
a
r
s
 
i
n
 
p
r
o
d
u
c
i
n
g
:

s
t
r
a
i
g
h
t
 
c
u
t
s
,
 
c
i
r
c
u
l
a
r
 
c
u
t
s
,
 
i
r
r
e
g
u
-

l
a
r
 
c
u
t
s
,
 
n
o
t
c
h
e
d
 
c
u
t
s
 
a
n
d
 
i
n
t
e
r
i
o
r
 
c
u
t
s
.

m
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
.
o
r
n
i
n
g
l

A
.
 
l
a
y
i
n
g

o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
d
i
v
i
d
e
r
i
,
 
t
r
a
m
m
e
l

p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r
 
p
u
n
d
h
)
.

B
.

T
r
a
c
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
p
a
t
t
e
r
n
s
 
f
o
r

c
u
t
t
i
n
g
,
 
f
o
r
m
i
n
g
 
a
n
d
 
j
o
i
n
i
n
g
.

C
.

A
d
j
u
s
t
i
n
g
 
p
i
v
o
t
 
s
c
r
e
w
o
n
 
h
a
n
d

s
h
e
a
r
s
 
f
o
r
 
p
r
o
p
e
r
 
c
l
e
a
r
a
n
c
e
.

D
.

A
l
i
g
n
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
 
s
h
e
a
r

b
l
a
d
e
 
f
o
r
 
a
n
 
a
c
c
u
r
a
t
e
 
c
u
t
.

E
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
 
a
v
i
a
t
i
o
n

s
n
i
p
s
 
(
r
i
g
h
t
 
o
r
 
l
e
f
t
 
h
a
n
d
)
.

F
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
(
2
4
g
a
u
g
e

o
r
 
t
h
i
n
n
e
r
)
 
w
i
t
h
 
c
o
m
i
n
a
t
i
o
n
 
s
n
i
p
s
.

G
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
 
s
t
r
a
i
g
h
t

s
n
i
p
s
.

H
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
 
c
o
m
p
o
u
n
d

d
h
e
a
r
s
.

I
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
(
2
4
g
a
u
g
e
 
o
r

t
h
i
n
n
e
r
)
 
w
i
t
h
 
b
u
l
l
d
o
g
 
s
n
i
p
s
.

3
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
.
 
p
i
p
e
 
w
i
t
h

d
o
u
b
l
e
 
c
u
t
t
i
n
g
 
s
h
e
a
r
s
.

K
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
s
h
e
e
t
 
m
e
t
a
l

w
i
t
h
 
a
 
f
i
l
e
 
o
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

V
e
r
b
a
l

C
o
m
m
u
n
i
c
a
t
i
v
e
:

.

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
t
h
e
 
w
o
r
k
 
p
i
e
c
e
,

t
y
p
e
 
o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d
 
a
c
c
u
r
a
c
y

r
e
q
u
i
r
e
d
,
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

C
h
e
c
k
i
n
g
 
o
v
e
r
a
l
l
 
l
e
n
g
t
h
 
o
f
 
t
h
e
 
s
h
e
e
t

m
e
t
a
l
 
w
i
t
h
 
a
 
r
u
l
e
 
o
r
 
s
c
a
l
e
.

B
.

C
h
e
c
k
i
n
g
 
t
h
e
 
g
a
u
g
e
 
o
f
 
t
h
e
 
s
h
e
e
t
 
m
e
t
a
l

w
i
t
h
 
a
 
g
a
u
g
e
 
o
r
 
m
i
c
r
o
m
e
t
e
r
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
a
n
d
 
d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
a
n
d
 
d
i
v
i
d
i
n
g
)
.



G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

c
o

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
n
d
 
c
u
t
t
i
n
g
 
t
o
o
l
 
f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
 
f
o
r
 
t
h
e
 
t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
f
i
l
e
 
f
o
r
 
t
h
e
 
t
a
s
k
.

E
.

W
e
a
r
i
n
g
 
g
l
o
v
e
s
 
w
h
e
n
 
h
a
n
d
l
i
n
g
 
s
h
a
r
p
 
s
h
e
e
t
 
m
e
t
a
l
.

S
u

t
e

S
t
u
e
g
g
i
m
A
e
L
l
I
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
;
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e

a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k
 
t
o
 
l
a
y
o
u
t
 
l
e
n
g
t
h
.

B
.

M
e
a
s
u
r
i
n
g
 
t
h
e
 
t
h
i
c
k
n
e
s
s
 
o
f
 
s
p
e
c
i
f
i
e
d
g
a
u
g
e
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
 
'
a
 
m
i
c
r
o
-

m
e
t
e
r
 
a
n
d
 
c
h
e
c
k
 
t
h
e
 
r
e
a
d
i
n
g
 
a
g
a
i
n
s
t
 
e
s
t
a
b
l
i
s
h
e
d
 
s
t
a
n
d
a
r
d
s
.

C
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
p
a
r
t
 
t
o
 
b
e
 
m
a
d
e

l
i
s
t
i
n
g
 
s
t
e
p
s
 
o
f
 
p
r
o
c
e
d
u
r
e
 
w
h
i
c
h
 
w
o
u
l
d
 
b
e
 
m
o
s
t
 
e
c
o
n
o
m
i
c
a
l
.

D
.

P
r
a
c
t
i
c
e
 
o
n
 
s
c
r
a
p
 
s
h
e
e
t
 
m
e
t
a
l
 
u
s
i
n
g
 
t
h
e
 
v
a
r
i
o
u
s
 
s
n
i
p
s
 
c
o
m
p
a
r
i
n
g
t
h
e

r
e
s
u
l
t
s
 
o
f
 
t
h
e
i
r
 
i
n
t
e
n
d
e
d
 
u
s
e
 
w
i
t
h
 
t
h
e
 
p
r
o
b
l
e
m
s
 
e
n
c
o
u
n
t
e
r
e
d
 
w
h
e
n

u
s
i
n
g

t
h
e
m
 
i
n
c
o
r
r
e
c
t
l
y
.

E
.

D
e
m
o
n
s
t
r
a
t
i
n
g
 
o
n
 
a
 
s
o
f
t
 
m
a
t
e
r
i
a
l
 
w
h
a
t
 
s
h
a
r
p
 
s
h
e
e
t
 
m
e
t
a
l
 
c
o
u
l
d
 
t
o
t
o

y
o
u
r
 
s
k
i
n
.



S
H
E
E
T
 
M
E
T
A
L
 
W
O
R
K
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
I

T
i
t
l
e
:

F
o
r
m
i
n
g
 
S
h
e
e
t
 
M
e
t
a
l

o
n
 
S
h
e
e
t
 
M
e
t
a
l
 
F
o
r
m
i
n
g
 
M
a
c
h
i
n
e
s

O
b
l
o
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l

t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
i
n
 
f
o
r
m
i
n
g

s
h
e
e
t
 
m
e
t
a
l
 
o
n
 
t
h
e

f
o
l
l
o
w
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
f
o
r
m
i
n
g
m
a
c
h
i
n
e
s
:

s
l
i
p
 
r
o
l
l
 
f
o
r
m
i
n
g
 
m
a
c
h
i
n
e
,
,

c
r
i
m
p
i
n
g

m
a
c
h
i
n
e
,
 
b
e
a
d
i
n
g
 
m
a
c
h
i
n
e
,

b
a
r
 
f
o
l
d
e
r
,
 
b
r
a
k
e
.

i
f
t
m
i
k
a
r
l
l
a
t
i
L
u
t
v
e
e
a
r
n
i
n
g
:

A
.

A
d
j
u
s
t
i
n
g
 
b
o
t
t
o
m
 
r
o
l
l
 
f
O
r

r
e
c
e
i
v
i
n
g

s
p
e
c
i
f
i
c
 
g
a
u
g
e
 
s
h
e
e
t
 
m
e
t
a
l
.

B
.

A
d
j
u
s
t
i
n
g
 
b
a
c
k
 
r
o
l
l
e
r
 
f
o
r

f
o
r
m
i
n
g

c
y
l
i
n
d
e
r
.

C
.

O
p
e
r
a
t
i
n
g
 
s
l
i
p
 
r
o
l
l
 
f
o
r
m
i
n
g
m
a
c
h
i
n
e

t
o
 
p
r
o
d
u
c
e
 
a
 
c
y
l
i
n
d
e
r
.

D
.

R
e
a
d
j
u
s
t
i
n
g
 
b
a
c
k
 
r
o
l
l
e
r

f
o
r
 
s
m
a
l
l

c
y
l
i
n
d
e
r
 
s
h
a
p
e
.

E
.

R
e
m
o
v
i
n
g
 
c
y
l
i
n
d
e
r
i
c
a
l

s
h
a
p
e
 
f
r
o
m

s
l
i
p
 
r
o
l
l
 
f
o
r
m
i
n
g
m
a
c
h
i
n
e
.

F
.

I
n
s
t
a
l
l
i
n
g
 
c
r
i
m
p
i
n
g
 
r
o
l
l
s

o
n
 
c
r
i
m
p
-

i
n
g
 
m
a
c
h
i
n
e
.

G
.

A
d
j
u
s
t
i
n
g
 
g
a
g
e

o
n
 
c
r
i
m
p
i
n
g
 
m
a
c
h
i
n
e

t
o
 
p
r
o
d
u
c
e
 
a
 
s
p
e
c
i
f
i
c
l
e
n
g
t
h
 
c
r
i
m
p
.

H
.

O
p
e
r
a
t
i
n
g
 
a
 
c
r
i
m
p
i
n
g
m
a
c
h
i
n
e
 
t
o
p
r
o
-

d
u
c
e
 
a
 
c
r
i
m
p
e
d
 
e
d
g
e
.

I
.

A
d
j
u
s
t
i
n
g
 
c
r
a
n
k
s
c
r
e
w
f
o
r
 
s
p
e
c
i
f
i
c

d
e
p
t
h
 
o
f
 
c
r
i
m
p
.

J
.

A
d
j
u
s
t
i
n
g
 
w
i
n
g
 
n
u
t
s
 
f
o
r

l
i
g
h
t
 
o
r

h
e
a
v
y
 
b
e
a
d
 
w
h
e
n
 
u
s
i
n
g
b
e
a
d
i
n
g
 
a
n
d

c
r
i
m
p
i
n
g
 
r
o
l
l
s
.

ye
m

ba
l

g
u
n
 
:

M
e
a
s
u
r
e
m
e
n
t
:

A
.

M
e
a
s
u
r
i
n
g
 
w
i
t
h
 
r
u
l
e
 
t
o

s
e
t
 
g
a
g
e
 
o
r

c
r
i
m
p
i
n
g
 
m
a
c
h
i
n
e
.

B
.

M
e
a
s
u
r
i
n
g
.
 
w
i
t
h
 
r
u
l
e
 
1
;
.
1
5
 
s
e
t
g
a
g
e
 
o
n

b
e
a
d
i
n
g
 
m
a
c
h
i
n
e
.

C
.

R
e
a
d
i
n
g
 
s
c
a
l
e
 
a
d
j
u
s
t
m
e
n
t

o
n
 
b
a
r
 
f
o
l
d
e
r

f
o
r
 
a
 
s
p
e
c
i
f
i
c
 
d
e
p
t
h
 
o
f
 
b
e
n
d
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f

f
r
a
c
t
i
o
n
s
:

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,

m
u
l
t
i
p
l
y
i
n
g
,

d
i
v
i
d
i
n
g
)

.



K
.

H
o
l
d
i
n
g
 
w
o
r
k
 
i
n
 
a
 
h
o
r
i
z
o
n
t
a
l
 
p
o
s
i
t
i
o
n

a
g
a
i
n
s
t
 
g
a
g
e
.

L
.

I
n
s
t
a
l
l
i
n
g
 
b
e
a
d
i
n
g
 
r
o
l
l
s
 
o
n
 
b
e
a
d
i
n
g

m
a
c
h
i
n
e
.

C
h
e
c
k
i
n
g
 
a
l
i
g
n
m
e
n
t
 
o
f
 
t
h
e
 
r
o
l
l
s
 
f
o
r

e
q
u
a
l
 
s
i
d
e
 
c
l
e
a
r
a
n
c
e
.

N
.

A
d
j
u
s
t
i
n
g
 
g
a
g
e
 
o
n
 
b
e
a
d
i
n
g
 
m
a
c
h
i
n
e
 
t
o

s
e
t
 
d
i
s
t
a
n
c
e
 
f
o
r
 
b
e
a
d
.

0
.

H
o
l
d
i
n
g
 
w
o
r
k
 
a
g
a
i
n
s
t
 
g
a
g
e
 
f
o
r
 
u
n
i
f
o
r
m

b
e
a
d
.

P
.

O
p
e
r
a
t
i
n
g
 
a
 
b
e
a
d
i
n
g
 
m
a
c
h
i
n
e
 
t
o
 
p
r
o
-

d
u
c
e
 
a
 
b
e
a
d
.

Q
.

A
d
j
u
s
t
i
n
g
 
d
e
p
t
h
 
g
a
g
e
 
o
n
 
b
a
r
 
f
o
l
d
e
r

f
o
r
 
s
p
e
c
i
f
i
c
 
s
i
z
e
 
h
e
m
.

R
.

O
p
e
r
a
t
i
n
g
 
b
a
r
 
f
o
l
d
e
r
 
t
o
 
p
r
o
d
u
c
e
 
a

s
i
n
g
l
e
 
h
e
m
 
a
n
d
 
a
 
d
o
u
b
l
e
 
h
e
m
.

S
.

A
l
i
g
n
i
n
g
 
l
a
y
o
u
t
 
l
i
n
e
 
w
i
t
h
 
b
e
n
d
i
n
g

l
e
a
d
 
o
n
 
a
 
b
r
a
k
e
.

T
.

O
p
e
r
a
t
i
n
g
 
a
 
b
r
a
k
e
 
t
o
 
p
r
o
d
u
c
e
 
a
 
s
i
n
g
l
e

h
e
m
 
a
n
d
 
d
o
u
b
l
e
 
h
e
m
.

U
.

S
e
t
t
i
n
g
 
d
o
w
n
 
h
e
m
 
o
n
 
a
 
b
a
r
 
f
o
l
d
e
r
.

V
.

S
e
t
t
i
n
g
 
d
o
w
n
 
h
e
m
 
o
n
 
a
 
b
r
a
k
e
.

W
.

O
p
e
r
a
t
i
n
g
 
a
 
b
a
r
 
f
o
l
d
e
r
 
t
o
 
p
r
o
d
u
c
e
 
a

s
i
n
g
l
e
 
s
e
a
m
 
a
n
d
 
a
 
d
o
u
b
l
e
 
s
e
a
m
.

X
.

O
p
e
r
a
t
i
n
g
 
a
 
b
r
a
k
e
 
t
o
 
p
r
o
d
u
c
e
 
a

s
i
n
g
l
e
 
s
e
a
m
 
a
n
d
 
a
 
d
o
u
b
l
e
 
s
e
a
m
.

Y
.

R
e
a
d
j
u
s
t
i
n
g
 
d
e
p
t
h
 
g
a
g
e
 
o
n
 
b
a
r
 
f
o
l
d
e
r

f
o
r
 
s
p
e
c
i
f
i
c
 
s
i
z
e
 
d
o
u
b
l
e
 
h
e
m
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

O
p
e
r
a
t
i
n
g
 
c
r
i
m
p
i
n
g
 
m
a
c
h
i
n
e
 
w
i
t
h
o
u
t
 
r
u
n
n
i
n
g
 
o
v
e
r
 
t
h
e
 
s
e
a
m
.

B
.

S
e
l
e
c
t
i
n
g
 
p
r
o
p
e
r
 
b
e
a
d
i
n
g
 
r
o
l
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
 
c
a
l
l
e
d
 
f
o
r
 
o
n
 
t
h
e
 
b
l
u
e
p
r
i
n
t
.

C
.

O
p
e
r
a
t
i
n
g
 
b
e
a
d
i
n
g
 
m
a
c
h
i
n
e
 
w
i
t
h
o
u
t
 
r
u
n
n
i
n
g
 
o
v
e
r
 
t
h
e
 
s
e
a
m
.

D
.

A
l
l
o
w
i
n
g
 
e
n
o
u
g
h
 
m
a
t
e
r
i
a
l
 
f
o
r
 
b
e
n
d
i
n
g
 
o
n
 
b
r
a
k
e
 
o
r
 
b
a
r
 
f
o
l
d
e
r
.



at

S
i
g
i
g
u
t
e
c
l
A
t
a
L
d
e
L
t
_
_
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.
.

A
.

S
e
l
e
c
t
i
n
g
 
a
n
d
 
f
o
r
m
i
n
g
 
a
n
 
o
b
j
e
c
t
 
w
h
i
c
h
 
w
i
l
l
 
i
n
c
o
r
p
o
r
a
t
e
 
f
o
r
m
i
n
g

p
r
o
c
e
s
s
e
s
 
o
n
 
t
h
e
 
s
l
i
p
 
r
o
l
l
 
f
o
r
m
i
n
g
 
m
a
c
h
i
n
e
,
 
c
r
i
m
p
i
n
g
 
m
a
c
h
i
n
e
,
'

b
e
a
d
i
n
g
 
m
a
c
h
i
n
e
,
 
b
a
r
 
f
o
l
d
e
r
 
a
n
d
 
b
r
a
k
e
.

D
e
t
e
r
m
i
n
i
n
g
 
t
h
e
 
m
a
t
e
r
i
a
l
 
n
e
e
d
e
d
 
i
n
 
a
 
p
a
r
t
i
c
u
l
a
r
 
i
t
e
m
 
u
s
i
n
g
 
a

k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
.

C
h
e
c
k
i
n
g
 
a
c
c
u
r
a
c
y
 
o
f
 
s
c
a
l
e
 
a
d
j
u
s
t
m
e
n
t
 
o
n
 
b
a
r
 
f
o
l
d
e
r
 
b
y
 
f
o
r
m
i
n
g
 
a

h
e
m
 
o
n
 
t
h
e
 
b
r
a
k
e
 
a
n
d
 
t
h
e
 
b
a
r
 
f
o
l
d
e
r
 
a
n
d
 
c
o
m
p
a
r
i
n
g
 
t
h
e
 
r
e
s
u
l
t
s
.

D
.

F
o
r
m
i
n
g
 
d
i
f
f
e
r
e
n
t
 
t
y
p
e
 
o
f
 
s
h
e
e
t
 
m
e
t
a
l
 
a
n
d
 
c
o
m
p
a
r
e
 
t
h
e
 
r
e
s
u
l
t
s
 
o
f

e
a
c
h
 
t
y
p
e
.



S
H
E
E
T
 
M
E
T
A
L
 
W
O
R
K
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I

e 
I

T
i
t
l
e
:

J
o
i
n
i
n
g
 
S
h
e
e
t
 
M
e
t
a
l
 
P
a
r
t
s

U
n
i
t
 
I
I
I

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
i
n
 
j
o
i
n
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
p
a
r
t
s
 
b
y

t
h
e
 
f
o
l
l
o
w
i
n
g
 
m
e
t
h
o
d
s
:

s
o
l
d
e
r
i
n
g
,
 
s
h
e
e
t
 
m
e
t
a
l
 
s
c
r
e
w
s
,
 
r
i
v
e
t
s
,
 
s
e
a
m
s
.

M
a
n
u
a
l
.
.
 
g
r
.
 
M
a
n
j
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

C
l
e
a
n
i
n
g
 
s
u
r
f
a
c
e
s
 
t
o
 
b
e
 
s
o
l
d
e
r
e
d
.

B
.

C
l
a
m
p
i
n
g
 
w
o
r
k
 
t
o
 
b
e
 
s
o
l
d
e
r
e
d
.

C
.

T
i
n
n
i
n
g
 
t
h
e
 
s
o
l
d
e
r
n
i
n
g
 
c
o
p
p
e
r
 
f
o
r

e
f
f
i
c
i
e
n
t
 
s
o
l
d
e
r
i
n
g
 
p
r
a
c
t
i
c
e
.

D
.

A
p
p
l
y
i
n
g
 
f
l
u
x
 
t
o
 
t
h
e
 
m
e
t
a
l
 
t
o
 
b
e

s
o
l
d
e
r
e
d
.

E
.

S
o
l
d
e
r
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
.

F
.

T
e
s
t
i
n
g
 
s
o
l
d
e
r
e
d
 
j
o
i
n
t
s
 
w
i
t
h
 
w
a
t
e
r

f
o
r
 
l
e
a
k
s
.

G
.

D
r
i
l
l
i
n
g
 
c
o
r
r
e
c
t
 
s
i
z
e
 
h
o
l
e
s
 
t
o

a
c
c
o
m
m
o
d
a
t
e
 
s
c
r
e
w
s
 
o
r
 
r
i
v
e
t
s
.

H
.

P
u
n
c
h
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
,
 
w
i
t
h
 
a

c
e
n
t
e
r
 
p
u
n
c
h
 
t
o
 
s
t
a
r
t
 
d
r
i
l
l
.

I
.

F
a
s
t
e
n
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
p
a
r
t
s
 
w
i
t
h

s
h
e
e
t
 
m
e
t
a
l
 
s
c
r
e
w
s
.

J
.

R
i
v
e
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
p
a
r
t
s
 
f
o
r

a
s
s
e
m
b
l
y
.

X
.

A
s
s
e
m
b
l
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
p
a
r
t
s

u
s
i
n
g
 
f
o
r
m
e
d
 
s
e
a
m
s
.

L
.

L
o
c
k
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
p
a
r
t
s
 
f
o
r

p
e
r
m
a
n
e
n
t
 
a
s
s
e
m
b
l
y
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
 
j
o
i
n
e
d
,
 
s
u
r
-

f
a
c
e
s
 
t
o
 
b
e
 
s
o
l
d
e
r
e
d
,
 
s
i
z
e
 
a
n
d
 
n
u
m
b
e
r

o
f
 
s
h
e
e
t
 
m
e
t
a
l
 
s
c
r
e
w
s
,
 
p
a
r
t
s
 
t
o
 
b
e

r
i
v
e
t
e
d
,
 
s
i
z
e
 
o
f
 
r
i
v
e
t
s
,
 
t
y
p
e
 
o
f

r
i
v
e
t
,
 
s
t
y
l
e
 
h
e
a
d
 
t
o
 
b
e
 
f
o
r
m
e
d
,

s
p
e
c
i
f
i
c
 
s
e
a
m
s
 
t
o
 
b
e
 
u
s
e
d
,
 
a
n
d
 
t
h
e
i
r

r
e
l
a
t
i
o
n
d
h
i
p
)
.



G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
m
e
t
h
o
d
 
o
f
 
'
s
o
l
d
e
r
i
n
g

f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
m
e
t
h
o
d
 
o
f
 
a
p
p
l
y
i
n
g
 
s
o
l
d
e
r
t
o
 
t
h
e
 
s
p
e
c
i
f
i
c
 
j
o
i
n
t
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
s
o
l
d
e
r
 
f
o
r
 
t
h
e

j
o
b
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
f
l
u
x
 
f
o
r
 
t
h
e

j
o
b
 
(
i
f
 
n
e
e
d
e
d
)
.

E
.

S
e
l
e
c
t
i
n
g
 
t
i
n
n
i
n
g
 
s
o
l
u
t
i
o
n
.

F
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
m
e
t
h
o
d
 
o
f
 
h
o
l
d
i
n
g
w
o
r
k
 
t
o
 
b
e
 
s
o
l
d
e
r
e
d
.

G
.

H
a
n
d
l
i
n
g
 
a
c
i
d
s
 
w
i
t
h
 
c
a
r
e
 
f
o
r
 
s
a
f
e
t
y
.

H
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
s
h
e
e
t
 
m
e
t
a
l

s
c
r
e
w
s
 
f
o
r
 
t
y
p
e
 
a
n
d
 
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
t
a
l

t
o
 
b
e
 
a
s
s
e
m
b
l
e
d
.

I
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
t
i
g
h
t
e
n
i
n
g
t
o
o
l
s
 
f
o
r
 
s
c
r
e
w
s
 
t
o
 
b
e
 
u
s
e
d
.

J
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
r
i
v
e
t
i
n
g
 
t
o
o
l
s

f
o
r
 
t
h
e
 
j
o
b
:

(
h
a
n
d
 
o
r
 
p
o
w
e
r
)
.

K
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
r
i
v
e
t
s
 
t
o
 
b
e
 
u
s
e
d

f
o
r
 
t
y
p
e
 
a
n
d
 
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
t
a
l

t
o
 
b
e
 
v
s
e
d
.

L
.

S
e
l
e
c
t
i
n
g
 
p
a
r
t
s
 
t
o
 
b
e
 
m
a
t
e
d
 
b
y

s
e
a
m
s
.

S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s

t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
p
r
o
c
e
s
s
.

A
.

T
e
s
t
i
n
g
 
t
h
e
 
e
f
f
e
c
t
i
v
e
n
e
s
s
 
o
f
v
a
r
i
o
u
s
 
m
e
t
a
l
 
c
l
e
a
n
i
n
g
 
s
o
l
u
t
i
o
n
s

o
n

s
t
a
n
d
a
r
d
 
s
i
z
e
 
s
t
r
i
p
s
 
o
f
 
m
e
t
a
l
t
o
 
b
e
 
s
o
l
d
e
r
e
d
.

B
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e

m
a
d
e
,
 
l
i
s
t
i
n
g
 
t
h
e
 
s
t
e
p
s
 
o
f
p
r
o
c
e
d
u
r
e
 
n
e
c
e
s
s
a
r
y
 
t
o
 
p
r
o
d
u
c
e

t
h
e
 
p
a
r
t
s
.

C
.

T
e
s
t
i
n
g
 
t
h
e
 
s
t
r
e
n
g
t
h
 
o
f
 
d
i
f
f
e
r
e
n
t

j
o
i
n
i
n
g
 
m
e
t
h
o
d
s
 
o
n
 
s
t
a
n
d
a
r
d

t
e
s
t

p
i
e
c
e
s
.

D
.

P
r
a
c
t
i
c
i
n
g
 
s
o
l
d
e
r
i
n
g

o
n
 
s
c
r
a
p
 
p
i
e
c
e
s
 
t
o
 
d
e
v
e
l
o
p
 
s
k
i
l
l
 
w
i
t
h

t
h
e

c
o
p
p
e
r
.



S
H
E
E
T
 
M
E
T
A
L
 
W
O
R
K
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
V

T
i
t
l
e
:

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n
 
P
e
r
t
a
i
n
i
n
g
t
o
 
S
h
e
e
t
 
M
e
t
a
l
 
W
o
r
k
 
a
n
d
 
R
e
l
a
t
e
d

O
c
c
u
p
a
t
i
o
n
s
.

O
b
j
e
c
t
i
v
e
:

T
o
 
a
c
q
u
a
i
n
t
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
w
i
t
h
t
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
s
h
e
e
t
m
e
t
a
l
 
w
o
r
k
 
a
n
d

r
e
l
a
t
e
d
 
o
c
c
u
p
a
t
i
o
n
s
.

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n

O
b
t
a
i
n
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e
 
w
a
g
e
 
s
c
a
l
e
.

C
.

T
h
e
 
'
.
.
.
y
p
e
s
 
o
f
 
t
r
a
i
n
i
n
g
 
a
v
a
i
l
a
b
l
e
.

D
.

T
h
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s

e
x
p
e
r
i
e
n
c
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

E
.

T
h
e
 
p
h
y
s
i
c
a
l
 
a
n
d
 
m
e
n
t
a
l

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
n
e
e
d
e
d
 
f
o
r
 
q
u
a
l
i
f
i
c
a
t
i
o
n

f
o
r
 
e
m
p
l
o
y
m
e
n
t
.

F
.

T
h
e
 
g
e
o
g
r
a
p
h
i
c
a
l
 
l
o
c
a
t
i
o
n

o
f
 
e
m
p
l
o
y
m
e
n
t
.

G
.

T
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
a
d
v
a
n
c
e
m
e
n
t
.

H
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
d
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

I
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
w
o
r
k

i
n
v
o
l
v
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

J
.

T
h
e
 
u
n
i
o
n
 
i
n
v
o
l
v
e
m
e
n
t

i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

K
.

T
h
e
 
m
e
a
n
s
 
o
f
 
e
n
t
r
y
 
i
n
t
o
 
t
h
e

o
c
c
u
p
a
t
i
o
n
.



S
t
u
d
e
n
t
 
A
c
 
i
t
i
t
a

A
.

W
r
i
t
i
n
g
 
s
p
e
c
i
f
i
c

i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g

o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
t
h
e

o
c
c
u
p
a
t
i
o
n
s
 
o
f
 
t
h
e
 
m
e
t
a
l

f
o
r
m
i
n
g
 
a
n
d
 
f
a
b
r
i
c
a
t
i
o
n

c
l
u
s
t
e
r
.

B
.

V
i
s
i
t
i
n
g
 
a
n
 
o
f
f
i
c
e
 
o
f

t
h
e
 
S
t
a
t
e
 
E
m
p
l
o
y
m
e
n
t

S
e
r
v
i
c
e
.

C
.

L
i
s
t
e
n
i
n
g
 
t
o
a
 
s
p
e
a
k
e
r
 
f
r
o
m
 
a
 
t
r
a
d
e

u
n
i
o
n
.

D
.

W
r
i
t
i
n
g
 
l
e
t
t
e
r
s
 
t
o

c
o
r
r
e
s
p
o
n
d
e
n
c
e
 
a
n
d
 
t
r
a
d
e

s
c
h
o
o
l
s
 
i
n
 
o
r
d
e
r

t
o
 
d
e
t
e
r
m
i
n
e

o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l

t
r
a
i
n
i
n
g
.

E
.

V
i
s
i
t
i
n
g
 
a
 
s
c
h
o
o
l
 
f
o
r
a
p
p
r
e
n
t
i
c
e
s
.

F
.

V
i
s
i
t
i
n
g
 
a
 
s
h
e
e
t
 
m
e
t
a
l

i
n
d
u
s
t
r
y
.

G
.

W
a
t
c
h
i
n
g
 
m
o
v
i
e
s
 
o
f

s
h
e
e
t
 
m
e
t
a
l
 
a
c
t
i
v
i
t
i
e
s
.

H
.

R
e
a
d
i
n
g
 
t
h
e
O
c
c
u
l
a
t
i
g
a
l
l
O
u
t
l
p
o
k
:
H
a
n
d
b
o
o
k
.



LEVEL Ig EXPERIENCES
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S
H
E
E
T
 
M
E
T
A
L
 
W
O
R
K
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I

T
i
t
l
e
;

C
u
t
t
i
n
g
 
S
h
e
e
t
 
M
e
t
a
l
 
W
i
t
h
 
M
a
c
h
i
n
e
r
y
 
a
n
d

P
o
w
e
r
.
 
T
o
o
l
s

O
b
i
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e

c
a
p
a
b
i
l
i
t
y
 
i
n
 
c
u
t
t
i
n
g
s
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h

m
a
c
h
i
n
e
r
y
 
a
n
d
 
p
o
w
e
r
 
t
o
o
l
s
 
i
n
 
p
r
o
d
u
c
i
n
g
:

s
t
r
a
i
g
h
t
 
c
u
t
s
,
 
c
i
r
c
u
l
a
r
 
c
u
t
s
,

n
o
t
c
h
e
d
 
c
u
t
s
 
a
n
d
 
i
r
r
e
g
u
l
a
r

c
u
t
s
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
d
i
v
i
d
e
r
s
,
 
t
r
a
m
m
e
l

p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
i
-
c
e
n
t
e
r
-
p
u
n
d
h
)
.
'

B
.

A
l
i
g
n
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
 
s
h
e
a
r

b
l
a
d
e
 
f
o
r
 
a
n
 
a
c
c
u
r
a
t
e
 
c
u
t

.

C
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h

t
r
e
d
d
l
e
 
o
p
e
r
a
t
e
d
 
s
q
u
a
r
i
n
g
 
s
h
e
a
y
.

D
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
p
o
w
e
r

o
p
e
r
a
t
e
d
 
s
q
u
a
r
i
n
g
 
s
h
e
a
r
.

E
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h

a
 
s
a
b
r
e

s
a
w
.

F
.

C
e
n
t
e
r
i
n
g
 
b
l
a
n
k
 
o
n
-
r
i
n
g
 
a
n
d
 
c
i
r
c
l
e

d
h
e
a
r
.

.

G
.

S
e
t
t
i
n
g
 
l
o
c
k
 
n
u
t
 
o
n
 
a
d
j
u
s
t
m
e
n
t

h
a
n
d
l
e
 
t
o
 
p
r
o
d
u
c
e
 
a
 
c
l
e
a
n
 
c
u
t
.

H
.

A
d
j
u
s
t
i
n
g
 
u
p
p
e
r
 
c
u
t
t
e
r
 
a
d
j
u
s
t
-

m
e
n
t
 
h
a
n
d
l
e
 
o
n
 
r
i
n
g
 
a
n
d
 
c
i
r
c
l
e

c
u
t
t
e
r
 
f
o
r
 
s
p
e
c
i
f
i
c

g
a
u
g
e
 
s
h
e
e
t

m
e
t
a
l
.

I
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
a
 
r
i
n
g

a
n
d
 
c
i
r
c
l
e
 
s
h
e
a
r
.

J
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h

a
 
b
e
n
c
h

l
e
v
e
l
 
s
h
e
a
r
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.
.
 
R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
t
h
e
 
w
o
r
k
 
p
i
e
c
e
,

t
w
e
 
o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d
 
a
c
c
u
r
a
c
y

r
e
q
u
i
r
e
d
,
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
.

M
g
a
g
u
r
e
m
e
n
t
:

A
.

C
h
e
c
k
i
n
g
 
o
v
e
r
a
l
l
 
l
e
n
g
t
h
 
o
f
 
t
h
e
 
s
h
e
e
t

m
e
t
a
l
 
w
i
t
h
 
a
 
r
u
l
e
 
o
r
 
s
c
a
l
e
.

B
.

C
h
e
c
k
i
n
g
 
t
h
e
 
g
a
u
g
e
 
o
f
 
t
h
e
 
s
h
e
e
t
 
m
e
t
a
l

w
i
t
h
 
a
 
g
a
u
g
e
 
o
r
 
m
i
c
r
o
m
e
t
e
r
.

C
.

R
e
a
d
i
n
g
 
g
r
a
d
u
a
t
i
o
n
s
 
o
n
 
s
h
e
e
t
 
m
e
t
a
l

m
a
c
h
i
n
e
r
y
 
t
o
 
d
e
t
e
r
m
i
n
e
 
s
p
e
c
i
f
i
c

d
i
m
e
n
s
i
o
n
s
.

L
.

C
h
e
c
k
i
n
g
 
m
e
a
s
u
r
e
m
e
n
t
 
o
f
 
r
e
q
u
i
r
e
d
 
c
i
r
c
l
e

o
n
 
g
r
a
d
u
a
t
i
o
n
s
 
o
n
 
b
e
d
 
s
c
a
l
e
.
.



d
e
s
i
r
e
d
 
n
o
t
c
h
e
d
 
s
t
y
l
e
.

L
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h

a
 
p
o
r
t
a
b
l
e

p
o
w
e
r
 
s
h
e
a
r
.

M
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
a
 
c
o
m
b
i
n
a
-

t
i
o
n
 
n
o
t
c
h
e
s
,

c
o
p
e
r
 
a
n
d
 
s
h
e
a
r
.

N
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h

a
 
s
a
b
r
e
 
s
a
w
.

O
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h
a
 
n
i
b
b
l
e
r
.

P
.

R
e
m
o
v
i
n
g
 
b
u
r
r
s
 
f
r
o
m
 
s
h
e
e
t
 
m
e
t
a
l

w
i
t
h
 
a
 
f
i
l
e
 
o
r
 
a
b
r
a
s
i
v
e
 
c
l
o
t
h
.

A
.
 
A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
s
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,

a
n
d
 
d
i
v
i
d
i
n
g
)
.

B
.
 
A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e

o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
s
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,

a
n
d
 
d
i
v
i
d
i
n
g
)
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t

t
o
o
l
s
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
m
a
c
h
i
n
e
o
r
 
p
o
w
e
r
 
t
o
o
l
 
f
o
r
 
t
h
e
 
t
a
s
k
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
b
r
a
s
i
v
e

c
l
o
t
h
 
f
o
r
 
t
h
e
 
t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
f
i
l
e

f
o
r
 
t
h
e
 
t
a
s
k
.

E
.

W
e
a
r
i
n
g
 
g
l
o
v
e
s
 
w
h
e
n
 
h
a
n
d
l
i
n
g
s
h
a
r
p
 
s
h
e
e
t
 
m
e
t
a
l
.

S
u
g
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s

s
h
o
u
l
d
 
b
e
 
m
a
d
e
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s

t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s

p
r
o
c
e
s
s
.

A
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g
 
s
t
o
c
k

t
o
 
l
a
y
o
u
t
 
l
e
n
g
t
h
.

B
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
w
i
t
h

v
a
r
i
o
u
s
 
m
a
c
h
i
n
e
s
 
c
o
m
p
a
r
i
n
g

e
a
s
e
 
o
f
 
a
l
i
g
n
m
e
n
t
,

a
c
c
u
r
a
c
y
 
o
f
 
c
u
t
,
 
a
n
d
 
t
y
p
e
 
o
f
 
f
i
n
i
s
h
e
d
 
e
d
g
e

i
s
 
p
r
o
d
u
c
e
d
.

C
.

C
h
e
c
k
i
n
g
 
t
h
e
 
a
c
c
u
r
a
c
y
 
o
f

s
c
a
l
e
 
o
n
 
t
h
e
 
b
e
d
 
o
f
 
t
h
e
 
r
i
n
g

a
n
d
 
c
i
r
c
l
e
 
s
h
e
a
r

b
y
 
c
u
t
t
i
n
g
 
a
 
c
i
r
c
l
e
 
u
s
i
n
g
t
h
e
 
b
e
d
 
s
c
a
l
e
 
a
n
d
 
t
h
e
n
 
c
u
t
t
i
n
g

o
n
e
 
w
h
i
c
h
 
h
a
s

b
e
e
n
 
s
c
r
i
b
e
d
 
w
i
t
h

a
 
d
i
v
i
d
e
r
.

D
.

R
e
a
d
i
n
g
 
-
b
l
u
e
p
r
i
n
t
s
 
t
o

d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f

p
a
r
t
 
a
n
d
 
l
i
s
t
i
n
g
 
i
n

t
h
e
 
o
r
d
e
r
 
o
f
 
t
h
e
i
r
u
s
e
 
t
h
e
 
m
a
c
h
i
n
e
s
 
a
n
d
 
t
o
o
l
s
 
t
h
a
t
 
w
i
l
l
b
e
 
n
e
e
d
e
d
 
t
o

p
r
o
d
u
c
e
 
t
h
e
 
p
a
r
t
.

E
.

U
s
i
n
g
 
f
r
a
c
t
i
o
n
s
,
 
d
e
t
e
r
m
i
n
e

t
h
e
 
a
r
e
a
 
i
n

s
q
u
a
r
e
 
i
n
c
h
e
s
 
o
f
 
a
 
p
a
r
t
 
t
o
 
b
e

m
a
d
e
.



S
H
E
E
T
 
M
E
T
A
L
 
%
W
R
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

-
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I
I

T
i
t
l
e
:

F
o
r
m
i
n
g
 
S
h
e
e
t
 
M
e
t
a
l
 
o
n
 
S
h
e
e
t
 
M
e
t
a
l
F
o
r
m
i
n
g
 
M
a
c
h
i
n
e
s

g
k
d
o
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l

t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
i
n

f
o
r
m
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
o
n
 
t
h
e

f
o
l
l
o
w
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
f
o
r
m
i
n
g
 
m
a
c
h
i
n
e
s
:

P
i
t
t
s
b
u
r
g
h
 
l
o
c
k
-
s
e
a
m
 
f
o
r
m
e
r
 
a
n
d
 
t
h
e

d
r
i
v
e

c
a
p
 
m
a
c
h
i
n
e
.

M
a
n
u
a
l
 
o
r

u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

A
.

A
d
j
u
s
t
i
n
g
 
d
r
i
v
e

c
a
p
 
m
a
c
h
i
n
e
 
f
o
r

M
a
t
h
e
m
a
t
i
c
s
:

s
p
e
c
i
f
i
c
 
g
a
g
e
 
s
h
e
e
t
 
m
e
t
a
l
 
t
o
 
b
e

f
e
d
.

A
.

D
e
t
e
r
m
i
n
i
n
g
 
o
v
e
r
a
l
l
 
d
i
m
e
n
s
i
o
n
s
 
o
f

B
.

C
u
t
t
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
t
o

s
p
e
c
i
f
i
c

p
i
e
c
e
 
t
o
 
b
e
 
f
o
r
m
e
d
 
b
y
 
a
d
d
i
n
g
 
m
a
t
e
r
i
a
l

d
i
m
e
n
s
i
o
n
s
 
f
o
r
 
f
e
e
d
i
n
g
 
d
r
i
v
e

c
a
p

t
o
 
f
o
r
m
 
l
o
c
k
 
p
l
u
s
 
w
i
d
t
h
 
o
f

p
i
e
c
e
.

m
a
c
h
i
n
e
.

C
.

O
p
e
r
a
t
i
n
g
 
a
 
d
r
i
v
e

c
a
p
 
m
a
c
h
i
n
e
.

D
.

A
d
j
u
s
t
i
n
g
 
P
i
t
t
s
b
u
r
g
h
 
b
a
c
k
-
s
e
a
m

f
o
r
m
e
r
 
f
o
r
 
s
p
e
c
i
f
i
c
g
a
g
e
 
s
h
e
e
t

m
e
t
a
l
 
t
o
 
b
e
 
f
e
d
.

E
.

O
p
e
r
a
t
i
n
g
 
t
h
e
 
P
i
t
t
s
b
u
r
g
h
 
l
o
c
k
-

s
e
a
m
 
f
o
r
m
e
r
.



S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e

a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d

m
ea

ni
ng

fu
l
a
s
 
p
o
s
s
i
b
l
e
.

T
he

 p
ro

du
ct

io
n 

of
a
r
t
i
c
l
e
s
 
t
o

i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y
 
a
s
s
i
s
t

in
t
h
i
s
 
p
r
o
c
e
s
s
.

A
. F

or
m

in
g

t
h
e
 
P
i
t
t
s
b
u
r
g
h
 
l
o
c
k
s
e
a
m

us
in

g
d
i
f
f
e
r
e
n
t
 
g
a
u
g
e
s
 
o
f

s
h
e
e
t
 
m
e
t
a
l
.

B
.
 
R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
t
h
e

o
v
e
r
-
a
l
l
 
l
e
n
g
t
h
 
o
f

a
 
p
i
e
c
e
 
n
e
e
d
e
d
 
t
o
 
m
a
k
e
 
a
 
P
i
t
t
s
b
r
u
g
h
 
l
o
c
k

s
e
a
m
.



S
H
E
E
T
 
M
E
T
A
L
 
W
O
R
K
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I
I
I

T
i
t
l
e
:

J
o
i
n
i
n
g
 
S
h
e
e
t
 
M
e
t
a
l
 
P
a
r
t
s

O
b
i
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
i
n
 
j
o
i
n
i
n
g
 
s
h
e
e
t
 
m
e
t
a
l
 
p
a
r
t
s
 
b
y

t
h
e
 
f
o
l
l
o
w
i
n
g
 
m
e
t
h
o
d
s
:

a
d
h
e
s
i
v
e
s
,
 
s
p
o
t
 
w
e
l
d
i
n
g
 
a
n
d
 
b
o
l
t
s
.

H
a
n
u
a
l
w
_
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

C
l
e
a
n
i
n
g
 
s
u
r
f
a
c
e
s
 
t
o
 
b
e
 
b
o
n
d
e
d
 
w
i
t
h

a
p
p
r
o
p
r
i
a
t
e
 
c
l
e
a
n
i
n
g
 
s
o
l
u
t
i
o
n
,

(
a
d
h
e
s
i
v
e
s
 
a
n
d
 
s
p
o
t
 
w
e
l
d
e
d
)
.

B
.

M
i
x
i
n
g
 
a
d
h
e
s
i
v
e
 
c
o
m
p
o
u
n
d
 
a
c
c
o
r
d
i
n
g

t
o
 
p
r
o
c
e
d
u
r
e
 
c
a
l
l
e
d
 
f
o
r
 
i
n
 
s
p
P
-
i
f
i
-

c
a
t
i
o
n
s
 
o
f
 
a
d
h
e
s
i
v
e
.

C
.

A
p
p
l
y
i
n
g
 
a
d
h
e
s
i
v
e
 
t
o
 
a
r
e
a
 
t
o
 
b
e

b
o
n
d
e
d
 
a
c
c
o
r
d
i
n
g
 
t
o
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s

o
f
 
a
d
h
e
s
i
v
e
.

C
l
a
m
p
i
n
g
 
m
e
t
a
l
 
b
o
n
d
e
d
 
a
s
s
e
m
b
l
y
 
i
n

a
 
m
a
n
n
e
r
 
a
p
p
r
o
p
r
i
a
t
e
 
t
o
 
a
s
s
e
m
b
l
y

a
n
d
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
o
f
 
a
d
h
e
s
i
v
e
s
.

E
.

R
e
m
o
v
i
n
g
 
c
l
a
m
p
i
n
g
 
d
e
v
i
c
e
s
 
f
r
o
m

b
o
n
d
e
d
 
a
s
s
e
m
b
l
y
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
O
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
a
d
h
e
s
i
v
e
 
t
o
 
b
e
 
u
s
e
d
,
 
s
u
r
f
a
c
e
s
 
t
o
 
b
e

b
o
n
d
e
d
,
 
n
u
m
b
e
r
 
a
n
d
 
s
p
a
c
i
n
g
 
o
f
 
s
p
o
t

w
e
l
d
s
,
 
p
a
r
t
s
 
t
o
 
b
e
 
b
o
l
t
e
d
,
 
s
i
z
e
 
o
f

b
o
l
t
s
,
 
f
i
t
,
 
t
o
r
q
u
e
)
.

M
e
a
s
u
r
e
m
e
n
t
:

A
.

C
a
l
c
u
l
a
t
i
n
g
 
p
r
o
p
o
r
t
i
o
n
s
 
o
f
 
c
o
m
p
o
n
e
n
t
s

o
f
 
a
d
h
e
s
i
v
e
 
a
c
c
o
r
d
i
n
g
 
t
o
 
a
d
h
e
s
i
v
e

s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

M
e
a
s
u
r
i
n
g
 
w
i
t
h
 
s
c
a
l
e
 
a
n
d
 
m
a
r
k
i
n
g
 
p
e
n
-

c
i
l
,
 
s
p
o
t
s
 
t
o
 
b
e
 
w
e
l
d
e
d
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
w
e
i
g
h
t
 
a
n
d

v
o
l
u
m
e
 
f
o
r
 
m
i
x
i
n
g
 
a
d
h
e
s
i
v
e
s
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
:

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
d
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
a
n
d

d
i
v
i
d
i
n
g
)
.



G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
d
h
e
s
i
v
e
s
 
t
o
 
b
e
 
u
s
e
d
 
f
o
r
 
t
h
e
 
s
h
e
e
t
 
m
e
t
a
l
 
a
s
s
e
m
b
l
y
.

B
.

S
e
l
e
c
t
i
n
g
 
t
h
e
 
c
o
r
r
e
c
t
 
a
m
p
e
r
a
g
e
 
f
o
r
 
m
e
t
a
l
 
t
h
i
c
k
n
e
s
s
 
t
o
 
b
e
 
w
e
l
d
e
d
.

C
.

S
e
l
e
c
t
i
n
g
 
t
h
e
 
c
o
r
r
e
c
t
 
t
i
p
s
 
f
o
r
 
s
p
e
c
i
f
i
c
 
w
e
l
d
 
r
e
q
u
i
r
e
m
e
n
t
s
.

D
.

S
e
l
e
c
t
i
n
g
 
t
h
e
 
c
o
r
r
e
c
t
 
t
i
m
e
-
p
r
e
s
s
u
r
e
 
f
o
r
 
m
e
t
a
l
 
t
h
i
c
k
n
e
s
s
 
t
o
 
b
e

w
e
l
d
e
d
 
f
r
o
m
 
a
 
c
h
a
r
t
.

E
.

S
e
l
e
c
t
i
n
g
 
t
h
e
 
s
p
o
t
 
w
e
l
d
e
r
 
m
o
s
t
 
a
p
p
r
o
p
r
i
a
t
e
 
f
o
r
 
t
h
e
 
t
a
s
k
.

F
.

S
e
l
e
c
t
i
n
g
 
t
h
e
 
c
o
r
r
e
c
t
 
b
o
l
t
s
 
f
o
r
 
t
y
p
e
 
a
n
d
 
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
t
a
l

t
o

b
e
 
a
s
s
e
m
b
l
e
d
.

G
.

S
e
l
q
c
t
i
n
g
 
t
h
e
 
c
o
r
r
e
c
t
 
t
i
g
h
t
e
n
i
n
g
 
t
o
o
l
s
 
f
o
r
 
t
h
e
 
b
o
l
t
s

t
o
 
b
e
 
u
s
e
d
.

H
.

S
e
l
e
c
t
i
n
g
 
t
h
e
 
c
o
r
r
e
c
t
 
w
a
s
h
e
r
s
 
t
o
 
b
e
 
u
s
e
d
 
f
o
r

a
s
s
e
m
b
l
y
.

S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
.

T
e
s
t
i
n
g
 
t
h
e
 
e
f
f
e
c
t
i
v
e
n
e
s
s
 
o
f
 
v
a
r
i
o
u
s
 
m
e
t
a
l
 
c
l
e
a
n
i
n
g
 
s
o
l
u
t
i
o
n
s
 
b
y

a
p
p
l
y
i
n
g
 
a
 
s
p
e
c
i
f
i
c
 
a
d
h
e
s
i
v
e
 
t
o
 
s
t
a
n
d
a
r
d
 
s
i
z
e
 
m
e
t
a
l
 
s
t
r
i
p
s
 
a
n
d

c
h
e
c
k
i
n
g
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
p
r
e
s
s
u
r
e
 
n
e
e
d
e
d
 
t
o
 
p
u
l
l
 
t
h
e
m
 
a
p
a
r
t
.

A
p
p
l
y
i
n
g
 
a
d
h
e
s
i
v
e
s
 
w
i
t
h
 
v
a
r
i
o
u
s
 
t
y
p
e
s
 
o
f
 
a
p
p
l
i
c
a
t
o
r
s
 
a
n
d
 
t
e
s
t
i
n
g

t
h
e
r
e
 
s
t
r
e
n
g
t
h
.

C
.

R
e
a
d
i
n
g
 
a
 
b
l
u
e
p
r
i
n
t
 
t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f

a
 
p
a
r
t
 
a
n
d
 
t
h
e

j
o
i
n
i
n
g
 
p
r
o
c
e
s
s
 
s
p
e
c
i
f
i
e
d
,
 
d
i
s
c
u
s
s
i
n
g
 
t
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s

o
f
 
t
h
e
 
p
r
o
c
e
s
s
 
a
n
d
 
i
f
 
i
t
 
i
s
 
t
h
e
 
b
e
s
t
 
m
e
t
h
o
d
.



S
H
E
E
T
 
M
E
T
A
L
 
I
O
R
K
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I
V

T
i
t
l
e
:

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n
 
P
e
r
t
a
i
n
i
n
g
 
t
o
 
S
h
e
e
t
 
M
e
t
a
l
 
W
o
r
k
 
a
n
d
 
R
e
l
a
t
e
d
 
O
c
c
u
p
a
t
i
o
n
s
.

n
t
a
g
a
z
i
m
:
 
T
o
 
a
c
q
u
a
i
n
t
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
w
i
t
h
 
t
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
s
h
e
e
t
 
m
e
t
a
l
 
w
o
r
k
 
a
n
d

r
e
l
a
t
e
d
 
o
c
c
u
p
a
t
i
o
n
s
.

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n

O
b
t
a
i
n
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e
 
w
a
g
e
 
s
c
a
l
e
.

C
.

T
h
e
 
t
y
p
e
s
 
o
f
 
t
r
a
i
n
i
n
g
 
a
v
a
i
l
a
b
l
e
.

D
.

T
h
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
e
x
p
e
r
i
e
n
c
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

E
.

T
h
e
 
p
h
y
s
i
c
a
l
 
a
n
d
 
m
e
n
t
a
l
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
n
e
e
d
e
d
 
f
o
r
 
q
u
a
l
i
f
i
c
a
t
i
o
n

f
o
r
 
e
m
p
l
o
y
m
e
n
t
.

F
.

T
h
e
 
g
e
o
g
r
a
p
h
i
c
a
l
 
l
o
c
a
t
i
o
n
 
o
f
 
e
m
p
l
o
y
m
e
n
t
.

G
.

T
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
v
a
n
c
e
m
e
n
t
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

I
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
w
o
r
k
 
i
n
v
o
l
v
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

J
.

T
h
e
 
u
n
i
o
n
 
i
n
v
o
l
v
e
m
e
n
t
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

K
.

T
h
e
 
m
e
a
n
s
 
o
f
 
e
n
t
r
y
 
i
n
t
o
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.



S
u
a
a
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
.

W
r
i
t
i
n
g
 
s
p
e
c
i
f
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
t
h
e

o
c
c
u
p
a
t
i
o
n
s
 
o
f
 
t
h
e
 
m
e
t
a
l
 
f
o
r
m
i
n
g
 
a
n
d
 
f
a
b
r
i
c
a
t
i
o
n
 
c
l
u
s
t
e
r
.

B
.

V
i
s
i
t
i
n
g
 
a
n
 
o
f
f
i
c
e
 
o
f
 
t
h
e
 
S
t
a
t
e
 
E
m
p
l
o
y
m
e
n
t
 
S
e
r
v
i
c
e
.

C
.

L
i
s
t
e
n
i
n
g
 
t
o
 
a
 
s
p
e
a
k
e
r
 
f
r
o
m
 
a
 
t
r
a
d
e
 
u
n
i
o
n
.

D
.

W
r
i
t
i
n
g
 
l
e
t
t
e
r
s
 
t
o
 
9
o
r
r
e
s
p
o
n
d
e
n
c
e
 
a
n
d
 
t
r
a
d
e
 
s
c
h
o
o
l
s
 
i
n
 
o
r
d
e
r

t
o
 
d
e
t
e
r
m
i
n
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
d
i
t
i
o
n
a
l
 
t
r
a
i
n
i
n
g
.

E
.

V
i
s
i
t
i
n
g
 
a
 
s
c
h
o
o
l
 
f
o
r
 
a
p
p
r
e
n
t
i
c
e
s
.

F
.

V
i
s
i
t
i
n
g
 
a
 
s
h
e
e
t
 
m
e
t
a
l
 
i
n
d
u
s
t
r
y
.

G
.

W
a
t
c
h
i
n
g
 
m
o
v
i
e
s
 
o
f
 
s
h
e
e
t
 
m
e
t
a
l
 
a
c
t
i
v
i
t
i
e
s
.

H
.

R
e
a
d
i
n
g
 
t
h
e
 
O
c
c
u
p
a
t
i
o
n
a
l
 
O
u
t
l
o
o
k



T
Y
P
E

-
B
o
o
k

B
o
o
k

B
o
o
k

IN
ST

R
U

C
T

IO
N

A
L

 M
A

T
E

R
IA

L
S 

FO
R

 S
H

E
E

T
 M

E
T

A

T
I
T
L
E

S
h
e
e
t
 
M
e
t
a
l
 
D
r
a
f
t
i
n
g

b
y
 
M
e
l
v
i
n
 
L
;
 
B
e
t
t
e
r
l
e
y

S
h
e
e
t
 
M
e
t
a
l
 
S
h
o
p
 
P
r
a
c
-

t
i
c
e
 
b
y
 
L
e
r
o
y
 
F
.
 
B
r
u
c
e

a
n
d
 
L
e
o
 
A
.
 
M
e
y
e
r

S
h
e
e
t
 
M
e
t
a
l
 
P
r
a
c
t
i
c
e

b
y
 
W
i
l
l
i
a
m
 
N
e
u
n
d
o
r
f

a
n
d
 
C
l
a
u
d
e
 
S
t
e
v
e
n
s

F
i
l
m

H
a
n
d
 
S
o
l
d
e
r
i
n
g

F
i
l
m

H
o
w
 
t
o
 
R
i
v
e
t
 
A
l
u
m
i
n
u
m

F
i
l
m

I
n
s
p
e
c
t
i
o
n
 
o
f
 
S
h
e
e
t

M
e
t
a
l
 
P
a
r
t
s

F
i
l
m

F
i
l
m

S
h
e
e
t
 
M
e
t
a
l
 
W
o
r
k
e
r

T
h
e
 
S
h
e
e
t

M
et

al
W
o
r
k
e
r

D
E
S
C
R
I
P
T
I
O
N

S
O
U
R
C
E

.

T
h
e
 
t
e
x
t
 
c
o
v
e
r
s
 
s
h
e
e
t
 
m
e
t
a
l

M
cG

ra
w

-H
ill

 B
oo

k 
C

o.
l
a
y
o
u
t

A
 
c
o
m
p
r
e
h
e
n
s
i
v
e
 
t
e
x
t
 
o
f

A
m
e
r
i
c
a
n
 
T
e
c
h
n
i
c
a
l

m
o
d
e
r
n
 
s
h
e
e
t
 
m
e
t
a
l
 
p
r
a
c
-

S
o
c
i
e
t
y

t
i
c
e
s

,

T
h
e
 
t
e
x
t
 
c
o
v
e
r
s
 
b
a
s
i
c
 
o
p
e
r
a
-

M
cG

ra
w

-H
ill

B
o
o
k
 
C
o
.

t
i
o
n
s
 
a
n
d
 
p
r
a
c
t
i
c
e
s
 
o
f
 
t
h
e

s
h
e
e
t
 
m
e
t
a
l
 
w
o
r
k
e
r

F
i
l
m
 
c
o
v
e
r
s
 
t
h
e
o
r
y
,
 
p
r
e
p
a
-

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s

r
a
t
i
o
n
 
a
n
d
 
p
r
o
c
e
s
s
.
 
2
0
 
m
i
n
.

B
 
&
 
W
.

F
i
l
m
 
c
o
v
e
r
s
 
m
a
n
u
f
a
c
t
u
r
i
n
g

U
.
S
.
 
B
u
r
e
a
u
 
o
f
 
M
i
n
e
s

o
f
 
r
i
v
e
t
s
 
a
n
d
 
e
x
p
l
a
i
n
s
 
c
o
m
-

p
l
e
t
e
 
p
r
o
c
e
s
s
 
o
f
 
r
i
v
e
t
i
n
g
.

2
7
 
m
i
n
.
 
B
 
&
 
W
.

F
i
l
m
 
s
h
o
w
s
 
h
o
w
 
t
o
 
m
a
k
e
 
v
i
s
-

u
a
l
 
a
n
d
 
s
p
o
t
 
c
h
e
c
k
s
 
o
f

s
h
e
e
t
 
m
e
t
a
l
 
p
a
r
t
s
.
 
2
0
 
m
i
n
.

B
 
&
 
W
.

A
r
i
z
o
n
a
 
S
t
a
t
e
 
U
n
i
v
e
r
-

s
i
t
y
 
U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
,

G
o
v
e
r
n
m
e
n
t

F
i
l
m
 
i
s
 
1
6
m
m
,
 
s
o
u
n
d
,
 
B
 
&
 
W

I
d
e
a
l
 
P
i
c
t
u
r
e
s

o
r
 
c
o
l
o
r
,
 
1
0
 
m
i
n
.

F
i
l
m
 
c
o
v
e
r
s
 
o
p
e
r
a
t
i
o
n
 
o
f

C
a
r
l
 
F
.
 
M
a
h
n
k
e

a
 
s
h
e
e
t
 
m
e
t
a
l
 
s
h
o
p
.
 
1
1
 
m
i
n
.

P
r
o
d
u
c
t
i
o
n
s

B
 
&
W
.



C
ha

rt
A

lu
m

in
um

 H
ig

h 
Sa

ho
ol

C
ha

rt
 s

ho
w

s 
pr

od
uc

tio
n 

of
C

ha
rt

al
um

in
um

. F
re

e.

A
 r

ep
ri

nt
 f

ro
m

 "
M

od
er

n
N

o.
 F

-7
a

M
et

al
s"

. .
8

pa
ge

s.
Pa

m
pb

le
t

R
iv

et
in

g 
A

lu
rn

in
ui

ns

A
lti

M
in

um
A

m
er

ic
a

R
ey

no
ld

s

C
om

pa
ny

 o
f

M
et

al
s 

C
o.



LEVEL I EXPERIENCES

FIRST YEAR PROGRAM

es.



A
SS

E
M

B
L

Y
 E

X
PE

R
IE

N
C

E
S

-

=
la

:
C
u
t
t
i
n
g
.
 
M
a
t
e
r
i
a
l
s
 
W
i
t
h
 
H
a
n
d
T
o
o
l
s
.

U
n
i
t
 
I

-
 
L
E
V
E
L
 
I

Q
12

.1
=

ja
gr

:
T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l

t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
f
o
r
 
c
u
t
t
i
n
g
m
a
t
e
r
i
a
l
s
 
w
i
t
h
 
h
a
n
d

to
ol

s.

M
a
n
u

A
.

'
L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
 
c
o
m
b
i
n
a
t
i
o
n

s
q
u
a
r
e
,

c
e
n
t
e
r
 
h
e
a
d
,
 
h
e
r
m
a
p
h
r
o
d
i
t
e

c
a
l
i
-

p
e
r
s
,
 
d
i
v
i
d
e
r
s
,
 
t
r
a
m
m
e
l
 
p
o
i
n
t
s
,

s
c
r
i
b
e
r
,
 
c
e
n
t
e
r
 
.
p
u
n
c
h
)
.
.
.

B
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
:
 
w
i
t
h
d
i
a
g
o
n
a
l

c
u
t
t
i
n
g
 
p
l
i
e
r
s
.

C
.

C
u
t
t
i
n
g
 
b
a
l
l
s
,
 
r
o
d
s
,
 
a
n
d
h
e
a
v
y

w
i
r
e
 
w
i
t
h
 
b
o
l
t

c
u
t
t
e
r
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
w
i
t
h

si
de

c
u
t
t
i
n
g

p
l
i
e
r
s
.

C
u
t
t
i
n
g
 
m
e
t
a
l
 
t
u
b
i
n
g
w
i
t
h
 
t
u
b
i
n
g
 
c
u
t
-

t
e
r
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
w
i
t
h
c
o
m
b
i
n
a
t
i
o
n

p
l
i
e
r
s
.
 
-

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
w
i
t
h
h
a
c
k
s
a
w
s
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
w
i
t
h
 
s
h
e
e
t
 
m
e
t
a
l

s
n
i
p
s
 
(
a
l
l
 
t
y
p
e
s
)

M
o
u
n
t
i
n
g
 
d
r
i
l
l
 
b
i
t
 
i
n
h
a
n
d
.
d
r
i
l
l

a
n
d
 
p
o
w
e
r
 
h
a
n
d
 
d
r
i
l
l
.

D
r
i
l
l
i
n
g
 
m
a
t
e
r
i
a
l
 
w
i
t
h
h
a
n
d
 
d
r
i
l
l

a
n
d
 
w
i
t
h
 
p
o
w
e
r
 
h
a
n
d

d
r
i
l
l
.

D
.

7.
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

2
9
0
1
1
1
1
1
1
9
A
t
i
2
D
:

A
.

f
 
R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f

w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d

a
c
c
u
r
a
c
y
 
r
e
-

-
q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
,

a
n
d
 
k
i
n
d
 
o
f

m
a
t
e
r
i
a
l
)
.
:

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f

f
r
a
c
t
i
o
n
s
:

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,

m
u
l
t
i
p
l
y
i
n
g
 
a
n
d

d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f

d
e
c
i
m
a
l
s
:

(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
 
a
n
d

d
i
v
i
d
i
n
g
)
.



F
.

G
.

H
.
I
.

J
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
c
u
t
t
i
n
g

t
o
o
l
 
f
o
r
 
t
h
e
 
t
a
s
k
.

P
r
a
c
t
i
c
i
n
g
 
k
e
e
p
i
n
g
 
h
a
n
d
s
c
l
e
a
r
 
o
f
 
c
u
t
t
i
n
g

a
r
e
a
.

C
u
t
t
i
n
g
 
m
e
t
a
l
s
 
w
i
t
h

s
h
a
r
p
 
t
o
o
l
s
 
o
n
l
y
.

S
e
l
e
c
t
i
n
g
 
h
a
n
d
 
d
r
i
l
l

o
r
 
p
o
w
e
r
 
d
r
i
l
l
 
a
p
p
r
o
p
r
i
a
t
e

f
o
r
 
t
h
e
 
t
a
s
k
.

S
e
l
e
c
t
i
n
g
 
d
r
i
l
l
 
b
i
t

s
i
z
e
 
a
c
c
o
r
d
i
n
g
 
t
o
t
h
e
 
w
o
r
k
i
n
g
 
d
t
_
A
i
n
g
.

P
r
a
c
t
i
c
i
n
g
 
k
e
e
p
i
n
g
 
h
a
n
d
s

c
l
e
a
r

f
r
o
m
 
d
r
i
l
l
i
n
g

a
r
e
a
.

S
e
l
e
c
t
i
n
g
 
r
e
a
m
e
r
 
w
r
e
n
c
h
a
p
p
r
o
p
r
i
a
t
e
 
f
o
r
 
t
h
e

t
a
s
k
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
s
i
z
e

r
e
a
m
e
r
 
a
p
p
r
o
p
r
i
a
t
e
 
f
o
r
 
t
h
e

t
a
s
k
.

S
e
l
e
c
t
i
n
g

p
r
o
p
e
r
 
c
o
u
n
t
e
r
s
i
n
k
 
f
o
r
 
t
h
e
 
t
a
s
k
.

U
s
i
n
g
 
p
u
n
c
h
e
s

w
h
i
c
h
 
h
a
v
e
 
h
a
d
 
h
e
a
d
s

g
r
o
u
n
d
 
t
o
 
s
a
f
e
t
y

s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

S
u

e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
n
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s

s
h
o
u
l
d
 
b
e
 
m
a
d
e

a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
,

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f

a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l

s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
p
r
o
c
e
s
s

A
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
u
t
t
i
n
g

s
t
o
c
k
 
t
o
 
l
e
n
g
t
h
.

B
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s

t
o
 
d
e
t
e
r
m
i
n
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

o
f
 
p
a
r
t
s
 
t
o
 
b
e

a
s
s
e
m
b
l
e
d
 
a
n
d
 
t
h
e
 
m
o
s
t

e
c
o
n
o
m
i
c
a
l
 
p
r
o
c
e
d
u
r
e

t
o
 
f
o
l
l
o
w
.

C
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
w
i
t
h
v
a
r
i
o
u
s
 
t
y
p
e
s
 
o
f

c
u
t
t
i
n
g
 
t
o
o
l
s
 
t
o

d
e
t
e
r
m
i
n
e

w
h
i
c
h
 
i
s
 
m
o
s
t

s
a
t
i
s
f
a
c
t
o
r
y
.



A
S
S
E
M
B
L
Y
 
E
X
P
E
R
I
E
N
C
E
S

-
 
=
 
L
E
V
E
L
 
I

.

U
n
i
t
 
I
I

T
i
t
l
e
:

J
o
i
n
i
n
g
 
P
a
r
t
s
 
o
f
 
A
n
 
A
s
s
e
m
b
l
y
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e

c
a
p
a
b
i
l
i
t
y
 
o
f
 
j
o
i
n
i
n
g
 
p
a
r
t
s
 
w
i
t
h

s
c
r
e
w
s
,

b
o
l
t
s
,
 
a
n
d
 
r
i
v
e
t
s
.

71
17

M
1=

11
11

1C

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

T
i
g
h
t
e
n
i
n
g
 
s
c
r
e
w
s
 
w
i
t
h
:

(
a
l
l
e
n

w
r
e
n
c
h
,
 
P
h
i
l
l
i
p
s
 
h
e
a
d
 
s
c
r
e
w
d
r
i
v
e
r
,

s
t
a
n
d
a
r
d
 
s
c
r
e
w
d
r
i
v
e
r
,
 
o
f
f
s
e
t

s
c
r
e
w
-

d
r
i
v
e
r
)
.

T
i
g
h
t
e
n
i
n
g
 
b
o
l
t
s
 
w
i
t
h
:

(
a
d
j
u
s
t
a
b
l
e

w
r
e
n
c
h
,
 
t
o
r
q
u
e
 
w
r
e
n
c
h
,
 
s
o
c
k
e
t

w
r
e
n
c
h

(
o
f
f
s
e
t
)
,
 
s
o
c
k
e
t
 
w
r
e
n
c
h
 
(
T
-
h
a
n
d
l
e
)

,

a
l
i
e
n
 
w
r
e
n
c
h
,
 
s
o
c
k
e
t
 
w
r
e
n
c
h
r
a
c
h
e
t

(
r
a
t
c
h
e
t
)
,
 
o
p
e
n
-
e
n
d
 
w
r
e
n
c
h
e
s
,

b
o
x
-

e
n
d

C
.

R
i
v
e
t
i
n
g
 
m
e
t
a
l
 
p
a
r
t
s
 
w
i
t
h
p
o
w
e
r
 
t
o
o
l
s

t
o
 
p
r
o
d
u
c
e
 
a
n
 
a
s
s
e
m
b
l
y
.

D
.

P
u
n
c
h
i
n
g
 
r
i
v
e
t
s
 
i
n
 
a
n
 
a
s
s
e
m
b
l
y
w
i
t
h

a
 
d
r
i
f
t
 
p
u
n
c
h
.
.

E
.

R
i
v
e
t
i
n
g
 
m
e
t
a
l
 
p
a
r
t
s
 
w
i
t
h
 
h
a
n
d
t
o
o
l
s

t
o
 
p
r
o
d
u
c
e
 
a
n
 
a
s
s
e
m
b
l
y
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
a
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e
 
a
n
d
 
n
u
m
b
e
r
 
o
f

s
c
r
e
w
s
 
t
o
 
b
e
 
u
s
e
d
,

s
i
z
e
 
a
n
d
 
n
u
m
b
e
r
 
o
f
 
b
o
l
t
s
 
t
o
 
b
e
 
u
s
e
d
,

a
n
d
 
s
i
z
e
 
a
n
d
 
n
u
m
b
e
r
 
o
f
 
r
i
v
e
t
s

t
o
 
b
e

u
s
e
d
)
.



G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
s
c
r
e
w
s
t
o
 
b
e
 
u
s
e
d
 
f
o
r
 
t
y
p
e
a
n
d
 
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
t
a
l

p
a
r
t
s
 
t
o
 
b
e
 
a
s
s
e
m
b
l
e
d
.

B
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
t
o
o
l
s
 
t
o
b
e
 
u
s
e
d
 
f
o
r
 
a
s
s
e
m
b
l
y
i
n
g
w
i
t
h
 
s
c
r
e
w
s
.

C
.

S
e
l
e
c
t
i
n
g
 
b
o
l
t
s
 
t
o
 
b
e

f
a
s
t
e
n
e
d
 
t
o
 
d
i
f
f
e
i
e
n
t
 
t
y
p
e
s
 
a
n
d
t
h
i
c
k
n
e
s
s
e
s

o
f
 
m
e
t
a
l
 
.
p
a
r
t
s
.

S
e
l
e
c
t
i
n
g
'
 
c
o
r
r
e
c
t
 
t
o
o
l
s
 
t
o
b
e
 
u
s
e
d
 
f
o
r
 
a
s
s
e
m
b
l
y
i
n
g
w
i
t
h
 
b
o
l
t
s
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
r
i
v
e
t
s
 
t
o
'
b
e
 
u
s
e
d
 
f
o
r
,
 
t
y
p
e
 
a
n
d
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
t
a
l

p
a
r
t
s
 
t
o
 
b
e
 
a
s
s
e
m
b
l
e
d
.

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
r
i
v
e
t
i
n
g
t
o
o
l
s
 
t
o
 
b
e
 
u
s
e
d
 
f
o
r
 
t
h
e

j
o
b
.

S
u
g
a
e
s
t
e
d
 
S
t
u
d
e
n
t
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s

s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l

a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
t
o
 
i
n
d
u
s
t
r
i
a
l

s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.
.
 
P
r
a
c
t
i
c
i
n
g
 
u
s
i
n
g
 
t
h
e
 
s
c
r
e
w
t
i
g
h
t
e
n
i
n
g
 
t
o
o
l
s
 
i
n
 
a
 
n
u
m
b
e
r
o
f
 
d
i
f
f
e
r
e
n
t

s
i
t
u
a
t
i
o
n
s
 
d
e
t
e
r
m
i
n
i
n
g
w
h
i
c
h
 
t
o
o
l
 
i
s
 
m
o
s
t

s
u
i
t
e
d
 
f
o
r
 
t
h
e
 
j
o
b
.

B
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o

d
e
t
e
r
m
i
n
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
o
f
p
a
r
t
s
 
a
n
d
 
f
a
s
t
e
n
e
r
s

u
s
e
d
 
d
i
s
c
u
s
s
i
n
g
 
t
h
e

a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s
o
f
 
t
h
e
 
s
p
e
c
i
f
i
e
d

f
a
s
t
e
n
e
r
.

C
.

D
i
s
a
s
s
e
m
b
l
i
n
g
 
a
n
d
 
r
e
-
a
s
s
e
m
b
l
i
n
g
 
a
n

i
t
e
m
 
w
h
i
c
h
 
u
s
e
s
 
s
c
r
e
w
s
,

b
o
l
t
s
,

a
n
d
 
r
i
v
e
t
s
 
a
s
 
f
a
s
t
e
n
i
n
g
d
e
v
i
c
e
s
.



A
S
S
E
M
B
L
Y
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
I
I

T
i
t
l
e
:

M
e
a
s
u
r
i
n
g
 
a
n
d
 
C
h
e
c
k
i
n
g
 
D
i
m
e
n
s
i
o
n
s
 
o
f
 
P
a
r
t
s
 
W
i
t
h
P
r
e
c
i
s
i
o
n
 
a
n
d
 
N
o
n
-
P
r
e
d
f
a
i
o
n

I
n
s
t
r
u
m
e
n
t
s

=
a
c
t
i
o
n
:
 
T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
i
n
 
u
s
i
n
g
 
p
r
e
c
i
s
i
o
n
 
a
n
d

n
o
n
-

p
r
e
c
i
s
i
o
n
 
i
n
s
t
r
u
m
e
n
t
s
 
w
h
e
n
 
m
e
a
s
u
r
i
n
g
 
a
n
d
 
c
h
e
c
k
i
n
g
 
d
i
m
e
n
s
i
o
n
s
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
c
u
t

A
.

C
h
e
c
k
i
n
g
 
s
q
u
a
r
e
n
e
s
s
 
o
f
 
o
b
j
e
c
t
s

w
i
t
h
 
a
 
t
r
y
 
s
q
u
a
r
e
.

B
.

C
h
e
c
k
i
n
g
 
s
q
u
a
r
e
n
e
s
s
 
o
f
 
o
b
j
e
c
t
s

w
i
t
h
 
a
 
c
a
r
p
e
n
t
e
r
'
s
 
s
q
u
a
r
e
.

C
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
h
e
c
k
i
n
g
 
d
i
m
e
n
-

s
i
o
n
s
 
w
i
t
h
:

(
t
a
p
 
r
u
l
e
,
 
s
t
e
e
l

r
u
l
e
,
 
s
t
e
e
l
 
t
a
p
,
 
f
o
l
d
i
n
g
 
t
o
p
,

h
o
o
k
 
r
u
l
e
)

.

D
.

C
h
e
c
k
i
n
g
 
d
i
m
e
n
s
i
o
n
s
 
w
i
t
h

d
i
v
i
d
e
r
s
,

C
h
e
c
k
i
n
g
 
d
i
m
e
n
s
i
o
n
s
 
w
i
t
h

a
c
o
m
b
i
n
a
t
i
o
n
 
s
q
u
a
r
e
.

F
.

C
h
e
c
k
i
n
g
 
.
g
a
g
e
 
o
f
 
s
h
e
e
t
 
m
e
t
a
l

o
r
 
w
i
r
e
 
w
i
t
h
 
a
 
w
i
r
e
 
g
a
g
e
.

G
.

M
e
a
s
u
r
i
n
g
 
a
n
d
 
c
h
e
c
k
i
n
g
 
d
i
m
e
n
-

s
i
o
n
s
 
w
i
t
h
:

(
o
u
t
s
i
d
e
 
a
n
d
 
i
n
-

s
i
d
e
 
c
a
l
i
p
e
r
s
,
 
o
u
t
s
i
d
e
 
m
i
c
r
o
-

m
e
t
e
r
)

.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
 
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e
 
o
f
 
t
h
e
 
w
o
r
k
p
i
e
c
e
,
 
f
i
n
i
s
h
 
a
n
d

a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
)

.

.
M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
a
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
 
a
n
d

d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
a
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
 
a
n
d

d
i
v
i
d
i
n
g
)
.

C
a
l
c
u
l
a
t
i
n
g
 
u
n
k
n
o
w
n
 
d
i
m
e
n
s
i
o
n
s
 
f
r
o
m

k
n
o
w
n
 
d
i
m
e
n
s
i
o
n
s
 
t
o
 
c
h
e
c
k
 
f
o
r
 
a
c
c
u
r
a
c
y
.



a

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
i
n
s
t
r
u
m
e
n
t
 
f
o
r
 
t
h
e
 
t
a
s
k
.

B
.

P
r
a
c
t
i
c
i
n
g
 
s
a
f
e
 
i
n
s
t
r
u
m
e
n
t
 
h
a
n
d
l
i
n
g
 
f
o
r
 
a
c
c
u
r
a
t
e
 
m
e
a
s
u
r
e
m
e
n
t
.

S
u
a
a
e
s
t
e
d
S
t
u
d
e
n
t
'
A
c
t
i
v
l
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

C
h
e
c
k
i
n
g
 
d
i
m
e
n
s
i
o
n
s
 
w
i
t
h
 
d
i
f
f
e
r
e
n
t
 
i
n
s
t
r
u
m
e
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e

a
c
c
u
r
a
c
y
.

B
.

M
e
a
s
u
r
i
n
g
 
p
r
e
c
i
s
i
o
n
 
s
t
a
n
d
a
r
d
 
b
l
o
c
k
s
 
w
i
t
h
 
d
i
f
f
e
r
e
n
t
 
i
n
s
t
r
u
m
e
n
t
s
 
t
o

v
e
r
i
f
y
 
a
c
c
u
r
a
c
y
.

C
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
c
h
e
c
k
i
n
g
 
t
h
e
 
a
c
c
u
r
a
c
y
 
o
f
 
t
h
e
 
d
i
m
e
n
s
i
o
n
s
.

a



A
S
S
E
M
B
L
Y
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
I
V

T
W
A
:
 
A
l
i
g
n
i
n
g
 
P
a
r
t
s
,
 
C
l
a
m
p
i
n
g
 
a
n
d
 
M
o
u
n
t
i
n
g
 
W
o
r
k
 
a
n
d
 
F
i
l
i
n
g
 
P
a
r
t
s
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
t
o
 
a
l
i
g
n
 
p
a
r
t
s
,
.
 
c
l
a
m
p
 
a
n
d

m
o
u
n
t
 
w
o
r
k
 
a
n
d
 
f
i
l
e
 
p
a
r
t
s
.

M
a
n
u
a
l
 
o
r
_
.

M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
m
n
i
n
q
:

A
.
.

A
l
i
g
n
i
n
g
 
p
a
r
t
s
 
w
i
t
h
 
a
n
 
a
l
i
g
n
m
e
n
t

p
u
n
c
h
.

B
.

C
l
a
m
p
i
n
g
 
a
n
d
 
h
o
l
d
i
n
g
 
r
o
u
n
d
 
s
t
o
c
k

i
n
 
a
 
p
i
p
e
 
v
i
s
e
.

C
.

C
l
a
m
p
i
n
g
 
a
n
d
 
h
o
l
d
i
n
g
 
i
n
 
a

(
m
a
c
h
i
n
i
s
t
'
s
 
v
i
s
e
,
 
s
w
i
v
e
l
 
v
i
s
e
,

C
-
c
l
a
m
p
s
)
.

I
n
s
t
a
l
l
i
n
g
 
s
u
b
-
a
s
s
e
m
b
l
i
e
s
 
i
n
 
j
i
g
s

a
n
d
 
f
i
x
t
u
r
e
s
 
f
o
r
 
a
s
s
e
m
b
l
y
.

F
i
l
i
n
g
 
m
a
t
e
r
i
a
l
s
 
w
i
t
h
 
d
i
f
f
e
r
e
n
t

s
h
a
p
e
d
 
f
i
l
e
s
 
t
o
 
r
e
m
o
v
e
 
e
x
c
e
s
s

m
e
t
a
l
s
 
i
n
c
l
u
d
i
n
g
 
d
e
b
u
r
r
i
n
g
.
'

V
e
r
b
a
l
 
L
e
a
r
n
i
n

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e

r
e
l
a
t
i
o
n
s
h
i
p
 
o
f
 
p
a
r
t
s
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

S
e
l
e
c
t
i
n
g
 
c
o
r
r
e
c
t
 
t
o
o
l
 
f
o
r
 
a
l
i
g
n
i
n
g
 
p
a
r
t
s
.

C
l
a
m
p
i
n
g
 
w
o
r
k
 
t
o
 
a
p
p
r
o
p
r
i
a
t
e
 
t
i
g
h
t
n
e
s
s
 
d
e
p
e
n
d
e
n
t
 
u
p
o
n
 
t
h
e
 
m
a
t
e
r
i
a
l

a
n
d
 
o
p
e
r
a
t
i
o
n
 
t
o
 
b
e
 
p
e
r
f
o
r
m
e
d
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
m
o
u
n
t
i
n
g
 
o
r
 
c
l
a
m
p
i
n
g
 
d
e
v
i
c
e
 
f
o
r
 
s
p
e
c
i
f
i
c

o
p
e
r
a
t
i
o
n
 
t
o
 
b
e
 
p
e
r
f
o
r
m
e
d
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
f
i
l
e
 
f
o
r
 
t
h
e
 
t
a
s
k
.



S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

F
i
l
i
n
g
 
o
n
 
a
 
s
c
r
a
p
 
p
a
r
t
 
w
i
t
h
_
 
d
i
f
f
e
r
e
n
t
 
c
u
t
s
 
o
f
 
f
i
l
e
s

t
o
.
_
 
d
e
t
e
r
m
i
n
e
 
t
h
e

t
y
p
e
 
o
f
 
f
i
n
i
s
h
 
e
a
c
h
 
w
i
l
l
 
p
r
o
d
u
c
e
.

B
.

M
o
u
n
t
i
n
g
 
v
a
r
i
o
u
s
 
s
h
a
p
e
d
 
i
t
e
m
s
 
i
n
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
s
 
d
i
s
c
u
s
s
i
n
g
 
t
h
e

a
d
v
a
n
t
a
g
e
s
 
o
f
 
e
a
c
h
 
t
y
p
e
.

C
.

A
l
i
g
n
i
n
g
 
d
i
f
f
e
r
e
n
t
 
p
a
r
t
s
 
w
i
t
h
 
p
u
n
c
h
e
s
.



A
S
S
E
M
B
L
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
 
-
 
-
 
L
E
V
E
L
 
I

U
n
i
t
 
V

T
i
t
l
e
:

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n
 
P
e
r
t
a
i
n
i
n
g
 
t
o
 
A
s
s
e
m
b
l
i
n
g
 
a
n
d
 
R
e
l
a
t
e
d
 
O
c
c
u
p
a
t
i
o
n
s

O
b
j
e
c
t
i
v
e
:

T
o
 
a
c
q
u
a
i
n
t
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
w
i
t
h
 
t
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
a
s
s
e
m
b
l
i
n
g
 
a
n
d

r
e
l
a
t
e
d
 
o
c
c
u
p
a
t
i
o
n
s
.

O
c
c
u
p
a
t
i
o
n
a
l
 
I
n
f
o
r
m
a
t
i
o
n

O
b
t
a
i
n
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e
 
w
a
g
e
 
s
c
a
l
e
.

C
.

T
h
e
 
t
y
p
e
s
 
o
f
 
t
r
a
i
n
i
n
g
 
a
v
a
i
l
a
b
l
e
.

D
I
.

T
h
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
e
x
p
e
r
i
e
n
c
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

E
.

T
h
e
 
p
h
y
s
i
c
a
l
 
a
n
d
 
m
e
n
t
a
l
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
n
e
e
d
e
d
 
f
o
r
 
q
u
a
l
i
f
i
c
a
t
i
o
n

f
o
r
 
e
m
p
l
o
y
m
e
n
t
.

F
.

T
h
e
 
g
e
o
g
r
a
p
h
i
c
a
l
 
l
o
c
a
t
i
o
n
 
o
f
 
e
m
p
l
o
y
m
e
n
t
.

G
.

T
h
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
 
a
d
v
a
n
c
e
m
e
n
t
.

H
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
d
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f
 
t
h
e
.
 
o
c
c
u
p
a
t
i
o
n
.

I
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
w
o
r
k
 
i
n
v
o
l
v
e
d
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.

J
.

T
h
e
 
u
n
i
o
n
 
i
n
v
o
l
v
e
m
e
n
t
 
i
n
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.
.

K
.

T
h
e
 
m
e
a
n
s
 
o
f
 
e
n
t
r
y
 
i
n
t
o
 
t
h
e
 
o
c
c
u
p
a
t
i
o
n
.



S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

W
t
i
t
i
n
g
 
s
p
e
c
i
f
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g

o
p
p
o
r
t
u
n
i
t
i
e
s
 
i
n
 
t
h
e

o
c
c
u
p
a
t
i
o
n
s
 
o
f
 
t
h
e
 
m
e
t
a
l
 
f
o
r
m
i
n
g
 
a
n
d
 
f
a
b
r
i
c
a
t
i
o
n

c
l
u
s
t
e
r
.

B
.

V
i
s
i
t
i
n
g
 
a
n
 
o
f
f
i
c
e
 
o
f
 
t
h
e
 
S
t
a
t
e
 
E
m
p
l
o
y
m
e
n
t

S
e
r
v
i
c
e
.

C
.

L
i
s
t
e
n
i
n
g
 
t
o
 
a
 
s
p
e
a
k
e
r
 
f
r
o
m
 
a
 
t
r
a
d
e
 
u
n
i
o
n

D
.

W
r
i
t
i
n
g
 
l
e
t
t
e
r
s
 
t
o
 
c
o
r
r
e
s
p
o
n
d
e
n
c
e
 
a
n
d
t
r
a
d
e
 
s
c
h
o
o
l
s
 
i
n
 
o
r
d
e
r

t
o
 
d
e
t
e
r
m
i
n
e
 
o
p
p
o
r
t
u
n
i
t
i
e
s
 
f
o
r
,
 
a
d
d
i
t
i
o
n
a
l

t
r
a
i
n
i
n
g
.

E
.

V
i
s
i
t
i
n
g
 
a
 
s
c
h
o
o
l
 
f
o
r
 
a
p
p
r
e
n
t
i
c
e
s
.

F
.

V
i
s
i
t
i
n
g
 
a
n
 
i
n
d
u
s
t
r
y
 
w
h
i
c
h
 
h
a
s
 
a
s
s
e
m
b
l
y
w
o
r
k
 
a
s
 
p
a
r
t
 
o
f
 
i
t
'
s

f
u
n
c
t
i
o
n
s
.

G
.

W
a
t
d
h
i
n
g
 
m
o
v
i
e
s
 
o
f
 
a
s
s
e
m
b
l
i
n
g
 
a
c
t
i
v
i
t
i
e
s
.

H
.

R
e
a
d
i
n
g
 
t
h
e
 
O
c
c
u
p
a
t
i
o
n
a
l
 
:
O
u
t
l
o
o
k
 
H
a
n
d
b
o
o
k
.

3



LEVEL II EXPERIENCES

SECOND YEAR PROGRAM



A
S
S
E
M
B
L
Y
 
E
X
P
E
R
I
E
N
C
E
S

U
n
i
t
 
I

1
1
1
1
1
:

C
u
t
t
i
n
g
 
M
a
t
e
r
i
a
l
s
 
W
i
t
h
 
H
a
n
d
 
a
n
d
 
P
o
w
e
r
 
T
o
o
l
s

-
 
L
E
V
E
L
 
I
I

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
o
f
 
c
u
t
t
i
n
g
m
a
t
e
r
i
a
l
s
 
w
i
t
h
 
h
a
n
d

a
n
d
 
p
o
w
e
r
 
t
o
o
l
s
.

.
.
.
.
m
p
u
m
a
l
J
a
t
A
N
I
L
E
g
i
a
t
i
a
T
4
4
4
s
m
i
n
a
:

A
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h
:
,

.
(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
c
a
l
e
,
 
c
o
m
b
i
n
a
t
i
o
n

s
q
u
a
r
e
,
 
d
i
v
i
d
e
r
s
,
 
t
r
a
m
m
e
l

p
o
i
n
t
s
,
 
s
c
r
i
b
e
r
,
 
c
e
n
t
e
r
 
p
u
n
c
h
)
.
.

B
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
w
i
t
h
 
v
a
r
i
o
u
s

t
y
p
e
s
 
o
f
 
c
h
i
s
e
l
s
.

M
o
u
n
t
i
n
g
 
t
a
p
 
i
n
 
t
a
p
 
w
r
e
n
c
h
.

A
p
p
l
y
i
n
g
 
c
u
t
t
i
n
g
 
o
i
l
 
t
o
 
t
a
p
p
i
n
g
-

a
n
d
 
d
i
e
 
c
u
t
t
i
n
g
 
o
p
e
r
a
t
i
o
n
s
.

T
a
p
p
i
n
g
 
a
 
h
o
l
e
 
w
i
t
h
 
a
 
t
a
p
 
t
o

p
r
o
d
u
c
e
 
a
 
t
h
r
e
a
d
e
d
 
h
o
l
e
.

F
.

R
e
m
o
v
i
n
g
 
t
a
p
 
f
r
o
m
 
f
i
n
i
-
s
h
e
d

h
o
l
e
.

C
u
t
t
i
n
g
 
.
s
t
a
c
k
 
w
i
t
h
 
a
 
d
i
e
 
t
o

p
r
o
d
u
c
e
 
e
x
t
e
r
n
a
l
 
t
h
r
e
a
d
s
.

R
e
m
o
v
i
n
g
 
d
i
e
 
f
r
o
m
 
f
i
n
i
s
h
e
d

e
x
t
e
r
n
a
l
 
t
h
r
e
a
d
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
w
i
t
h
 
a
 
s
a
b
r
e

s
a
w
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
 
w
i
t
h
 
a
 
n
i
b
b
l
e
r
.

C
u
t
t
i
n
g
 
m
a
t
e
r
i
a
l
 
w
i
t
h
 
a
 
h
a
n
d
 
h
a
c
k

s
a
w
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
O
m
T
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e

a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
w
o
r
k
 
p
i
e
c
e
,
 
t
y
p
e

o
f
 
o
p
e
r
a
t
i
o
n
,
 
f
i
n
i
s
h
 
a
n
d
 
a
c
c
u
r
a
c
y

r
e
-

q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
p
a
r
t
s
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d
,

a
n
d
 
k
i
n
d
 
o
f
 
m
a
t
e
r
i
a
l
..

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.

B
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
e
c
i
m
a
l
s
 
(
a
d
d
i
n
g
,

s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,
 
d
i
v
i
d
i
n
g
)
.



G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.

P
r
a
c
t
i
c
i
n
g
 
k
e
e
p
i
n
g
 
h
a
n
d
s

a
w
a
y
 
f
r
o
m
 
c
u
t
t
i
n
g
 
a
r
e
a
.

B
.

C
u
t
t
i
n
g
 
m
e
t
a
l
s
 
w
i
t
h
 
s
h
a
r
p
 
t
o
o
l
s

o
n
l
y
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
t
a
p
 
w
r
e
n
c
h
 
f
o
r

t
h
e
 
t
a
s
k
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
t
a
p
 
f
o
r
 
t
h
e

t
a
s
k
.

E
.

T
a
p
p
i
n
g
 
h
o
l
e
 
a
c
c
o
r
d
i
n
g
 
t
o
 
t
y
p
e
 
o
f
m
a
t
e
r
i
a
l
.

F
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
d
i
e
 
w
r
e
n
c
h

f
o
r
 
t
h
e
 
t
a
s
k
.

G
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
d
i
e
 
f
o
r
 
t
h
e

t
a
s
k
.

H
.

C
u
t
t
i
n
g
 
e
x
t
e
r
n
a
l
 
t
h
r
e
a
d
s
 
a
c
c
o
r
d
i
n
g
t
o
 
t
y
p
e
 
o
f
 
m
a
t
e
r
i
a
l
.

I
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
l
a
y
o
u
t
 
t
o
o
l
s

f
o
r
 
t
h
e
 
t
a
s
k
.

J
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
p
o
w
e
r
 
c
u
t
t
i
n
g
 
t
o
o
l
 
f
o
r
 
t
h
e
 
t
a
s
k
.

S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s

s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
l
3
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
p
r
o
c
e
s
s
.

A
.
 
L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
t
o
 
"
s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

B
.
 
R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o

d
e
t
e
r
m
i
n
e
 
t
h
e
 
s
i
z
e
 
a
n
d
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f

a
 
w
o
r
k
 
p
i
e
c
e
.



'
A
S
S
E
M
B
L
Y
 
E
X
P
E
R
I
E
N
C
E
S

-
 
-
 
L
E
V
E
L
 
I
I

U
n
i
t
 
I
I

O
W

T
i
t
l
e
:

F
o
r
m
i
n
g
 
M
a
t
e
r
i
a
l
s
 
W
i
t
h
 
H
a
n
d
T
o
o
l
s
.

O
b
j
e
c
t
i
v
e
:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
t
o
 
p
e
r
f
o
r
m
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
f
o
r
m
i
n
g

o
p
e
r
a
t
i
o
n
s
:

f
l
a
r
i
n
g
 
t
u
b
i
n
g
 
W
i
t
h
 
a
 
f
l
a
r
i
n
g
 
t
o
o
l
,
 
h
a
m
m
e
r
i
n
g
m
a
t
e
r
i
a
l
s
l
f
o
r

f
o
r
m
i
n
g
 
a
n
d
 
p
o
s
i
t
i
o
n
i
n
g
,
 
a
n
d
 
s
t
a
m
p
i
n
g
m
a
t
e
r
i
a
l
s
 
w
i
t
h
 
s
t
a
m
p
i
n
g
 
t
o
o
l
s
.

M
a
n
u
a
l
 
o
r
 
M
a
n
i
p
u
l
a
t
i
v
e
 
L
e
a
r
n
i
n
g
:

A
.

M
o
u
n
t
i
n
g
 
t
u
b
i
n
g
 
i
n
 
t
u
b
i
n
g
 
f
l
a
r
i
n
g

t
o
o
l
.

F
l
a
r
i
n
g
 
m
e
t
a
l
 
t
u
b
i
n
g
 
w
i
t
h

a
 
t
u
b
-

i
n
g
 
f
l
a
r
i
n
g
 
t
o
o
l
.

C
.

H
a
m
m
e
r
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
m
a
t
e
r
i
a
l
s

w
i
t
h
:

(
b
a
l
l
 
p
e
e
n
 
h
a
m
m
e
r
,
 
s
t
r
a
i
g
h
t

p
e
e
n
 
h
a
m
m
e
r
,
 
c
r
o
s
s
 
p
e
e
n
 
h
a
m
m
e
r
,

s
o
f
t
 
f
a
c
e
 
'
h
a
m
m
e
r
,
 
w
o
o
d
e
n
 
m
a
l
l
e
t
)
.

D
.

L
a
y
i
n
g
 
o
u
t
 
s
t
o
c
k
 
w
i
t
h

a
:

(
s
q
u
a
r
e
,

r
u
l
e
 
o
r
 
s
q
u
a
r
e
,
 
c
o
m
b
i
n
a
t
i
o
n

s
q
u
a
r
e
,

d
i
v
i
d
e
r
s
,
 
t
r
a
m
m
e
l
 
p
o
i
n
t
'
s
,
 
s
c
r
i
b
e
r
)
.

E
.

A
l
i
g
n
i
n
g
 
s
t
a
m
p
i
n
g
 
t
o
o
l
s
 
w
i
t
h
 
l
a
y
o
u
t

l
i
n
e
.

S
t
a
m
p
i
n
g
 
n
u
m
b
e
r
s
 
a
n
d
 
/
.
o
r
 
l
e
t
t
e
r
s

o
n
 
m
e
t
a
l
 
p
a
r
t
s
 
f
o
r
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
i
n
i
n
.
_
 
s
t
y
l
e

a
n
d
 
s
i
z
e
 
o
f
 
n
u
m
b
e
r
s
 
a
n
d
/
o
r
 
l
e
t
t
e
r
s

t
o

b
e
 
u
s
e
d
 
f
o
r
 
s
t
a
m
p
i
n
g
.

M
a
t
h
e
m
a
t
i
c
:

A
.

A
p
p
l
y
i
n
g
 
a
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s
:

(
a
d
d
i
n
g
,
 
s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
,

a
n
d
 
d
i
v
i
d
i
n
g
)
.



G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
o
n

A
.
 
-
C
h
e
c
k
i
n
g
 
t
o
 
s
e
e
 
i
f
 
b
u
r
r
s
 
h
a
v
e
 
b
e
e
n
 
r
e
m
o
v
e
d
 
f
r
o
m
 
t
u
b
i
n
g
.

B
.

C
h
e
c
k
i
n
g
 
t
o
 
s
e
e
 
i
f
 
t
u
b
i
n
g
 
h
a
s
 
b
e
e
n
 
c
u
t
 
s
q
u
a
r
e
l
y
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
f
l
a
r
i
n
g
 
t
o
o
l
 
f
o
r
 
t
h
e

ta
sk

s
D
.

S
e
l
e
c
t
i
n
g
-
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
m
m
e
r
 
f
o
r
 
t
h
e
 
t
a
s
k
.

E
.

R
ec

og
ni

zi
ng

 th
e 

ne
ce

ss
ity

 o
f 

us
in

g 
ha

m
m

er
s 

w
ith

 h
ea

d 
tig

ht
t
o

ha
nd

le
.

F.
Se

le
ct

in
g

n
u
m
b
e
r
 
a
n
d
/
o
r
 
l
e
t
t
e
r
s
 
t
o
 
b
e
 
u
s
e
d
.

S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l

a
s
 
p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s

m
a
y
 
a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.
 
f
l
a
r
i
n
g
 
m
e
t
a
l
 
t
u
b
i
n
g
 
t
o
 
s
p
e
c
i
f
i
c
 
d
i
m
e
n
s
i
o
n
s
.

B
.
 
P
r
a
c
t
i
c
i
n
g
 
s
t
a
m
p
i
n
g
 
o
p
e
r
a
t
i
o
n
s

o
n
 
a
 
s
c
r
a
p
 
p
i
e
c
e
 
t
o
 
d
e
v
e
l
o
p
 
s
k
i
l
l

i
n
 
t
h
e
 
u
s
e
 
o
f
 
s
t
a
m
p
s
.

C
.
 
R
e
a
d
i
n
g
 
a
 
b
l
u
e
p
r
i
n
t
 
t
o
 
d
e
t
e
r
m
i
n
e
 
t
h
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f

a
 
p
a
r
t
.



A
S
S
E
M
B
L
Y
 
E
X
P
E
R
I
E
N
C
E
S
'

-
L
E
V
E
L
 
I
I

U
n
i
t
e
 
I
I
I

T
i
t
l
e
:

J
o
i
n
i
n
g
 
P
a
r
t
s
 
i
n
 
A
s
s
e
m
b
l
y
.

O
b
j
e
c
t
,
:
 
T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e

c
a
p
a
b
i
l
i
t
y
 
i
n
 
j
o
i
n
i
n
g
 
p
a
r
t
s
 
i
n

as
se

m
bl

y
b
y

t
h
e
 
f
o
l
l
o
w
i
n
g
 
m
e
a
n
s
:
,
 
w
i
t
h
 
a
d
h
e
s
i
v
e
s
 
a
n
d
 
b
y
m
a
t
i
n
g
 
c
o
m
p
l
i
m
e
n
t
a
r
y
 
p
a
r
t
s
.

i
L

C
l
e
a
n
i
n
g
 
s
u
r
f
a
c
e
s
 
t
o
 
b
e
 
b
o
n
d
e
d

w
i
t
h
 
a
p
p
r
o
p
r
i
a
t
e
 
c
l
e
a
n
i
n
g
 
m
e
t
h
o
d
:

(
c
h
e
m
i
c
a
l
 
o
r
 
a
c
i
d
 
b
a
t
h
,
 
a
b
r
a
s
i
v
e
)
.

S
e
t
t
i
n
g
 
u
p
 
m
e
t
a
l
 
a
s
s
e
m
b
l
y

fo
r

b
o
n
d
i
n
g
.

M
ix

in
g

a
d
h
e
s
i
v
e
 
c
o
m
p
o
u
n
d
 
a
c
c
o
r
d
i
n
g

t
o
 
p
r
o
c
e
d
u
r
e
 
c
a
l
l
e
d
 
f
o
r
 
i
n
 
s
p
e
c
i
f
i
-

c
a
t
i
o
n
s
 
o
f
 
t
h
e
 
a
d
h
e
s
i
v
e
.

F
i
l
l
i
n
g
 
s
p
r
a
y
 
c
h
a
m
b
e
r
 
w
i
t
h
 
a
d
r

h
e
s
i
v
e
.

E
_
.

A
d
j
u
s
t
i
n
g
 
s
p
r
a
y
 
g
u
n
 
f
o
r
p
r
o
p
e
r

s
p
r
a
y
 
d
e
n
s
i
t
y
.

F
.

S
p
r
a
y
i
n
g
 
m
e
t
a
l
 
s
u
r
f
a
c
e
s
 
w
i
t
h
 
a
d
-

h
e
s
i
v
e
 
s
p
r
a
y
 
g
u
n
 
t
o
 
p
r
o
d
u
c
e

a
m
e
t
a
l
 
b
o
n
d
e
d
 
a
s
s
e
m
b
l
y
.

G
.

C
l
e
a
n
i
n
g
 
s
p
r
a
y
 
c
h
a
m
b
e
r
 
w
i
t
h
a
p
p
r
o
p
-

r
i
a
t
e
 
t
h
i
n
n
e
r
.

H
.

A
p
p
l
y
i
n
g
 
'
a
d
h
e
s
i
v
e
 
t
o
 
a
r
e
a
 
t
o
 
b
e

b
o
n
d
e
d
 
w
i
t
h
 
h
a
n
d
 
t
o
o
l
s
.

I
.

C
l
a
m
p
i
n
g
 
m
e
t
a
l
 
b
o
n
d
e
d
 
a
s
s
e
m
b
l
y
 
i
n

a
.
 
m
a
n
n
e
r
 
a
p
p
r
o
p
r
i
a
t
e
 
t
o
 
t
h
e
 
a
s
s
e
m
-

b
l
y
 
a
m
a
 
s
m
c
i
f
i
c
a
t
i
o
n
s
 
o
f

a
d
h
e
s
i
v
e
.

:
V
e
r
b
a
l
 
L
e
a
r
n
i
n
g

C
o
m
m
u
n
i
c
a
t
i
o
n
 
:
.

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
(
a
d
-

h
e
s
i
v
e
 
t
o
 
b
e
 
u
s
e
d
,
 
s
u
r
f
a
c
e
 
t
o
 
b
e

b
o
n
d
e
d
,
 
e
x
p
l
o
d
e
d
 
v
i
e
w
 
d
r
a
w
i
n
g
-
-
t
h
e

r
e
l
a
t
i
o
n
s
h
i
p
 
o
f
 
d
e
t
a
i
l
 
p
a
r
t
s
 
t
o
 
b
e

m
a
t
e
d
)
.

M
e
a
s
u
r
e
m
e
n
t

C
a
l
c
u
l
a
t
i
n
g
 
p
r
o
p
o
r
t
i
o
n
s
 
o
f
 
c
o
m
p
o
n
e
n
t
s

o
f
 
a
d
h
e
s
i
v
e
 
a
c
c
o
r
d
i
n
g
 
t
o
 
s
p
e
c
i
f
i
c
a
-

t
i
o
n
s
.

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
w
e
i
g
h
t
 
a
n
d

v
o
l
u
m
e
 
f
o
r
 
m
i
x
i
n
g
 
a
d
h
e
s
i
v
e
s
.



J
.

C
l
e
a
n
i
n
g
 
h
a
n
d
 
t
o
o
l
s
 
u
s
e
d
 
i
n
 
a
p
p
l
y
i
n
g

t
h
e
 
a
d
h
e
s
i
v
e
.

K
.

R
e
m
o
v
i
n
g
 
c
l
a
m
p
i
n
g
 
d
e
v
i
c
e
s
 
f
r
o
m

b
o
n
d
e
d
 
a
s
s
e
m
b
l
y
.

L
.

A
l
i
g
n
i
n
g
 
m
a
t
e
d
 
p
a
r
t
s
 
f
o
r
 
a
s
s
e
m
b
l
y

w
i
t
h
 
a
n
 
a
l
i
g
n
i
n
g
 
p
u
n
c
h
.
.
:

M
a
t
i
n
g
 
p
a
r
t
s
 
t
o
 
p
r
o
d
u
c
e
 
a
 
s
u
b
-

a
s
s
e
m
b
l
y
.

G
e
n
e
r
a
l
 
I
n
f
o
r
m
a
t
i
O
n

1
,

A
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
h
a
n
d
 
t
o
o
l
s
 
o
r
 
s
p
r
a
y
 
e
q
u
i
p
m
e
n
t

f
o
r
 
a
d
h
e
s
i
v
e

a
p
p
l
i
c
a
t
i
o
n
.

B
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
a
d
h
e
s
i
v
e
 
t
o
 
b
e
 
u
s
e
d
 
f
o
r
 
t
h
e
 
m
e
t
a
l

b
o
n
d
e
d

a
s
s
e
m
b
l
y
 
a
c
c
o
r
d
i
n
g
 
t
o
 
b
l
u
e
p
r
i
n
t
s
.

C
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
-
c
l
a
m
p
i
n
g
 
d
e
v
i
c
e
s
 
f
o
r
 
a
s
s
e
m
b
l
y
.

D
.

S
e
l
e
c
t
i
n
g
 
a
p
p
r
o
p
r
i
a
t
e
 
m
i
x
i
n
g
 
e
q
u
i
p
m
e
n
t
 
f
o
r
 
a
d
h
e
s
i
v
e
.

E
.

P
r
a
c
t
i
c
i
n
g
 
p
r
o
p
e
r
 
s
a
f
e
t
y
 
p
r
e
c
a
u
t
i
o
n
s
 
a
s
 
i
n
d
i
c
a
t
e
d
 
o
n
t
h
e
 
s
p
e
c
i
f
i
c
a
-

t
i
o
n
s
 
o
f
 
a
d
h
e
s
i
v
e
.

F
.

S
e
l
e
c
t
i
n
g
 
m
a
t
e
d
 
p
a
r
t
s
 
f
o
r
 
t
h
e
 
s
u
b
-
a
s
s
e
m
b
l
y
.

S
u
g
g
e
s
t
e
d
 
S
t
u
d
e
n
t
 
A
c
t
i
v
i
t
i
e
s

A
l
l
 
s
t
u
d
e
n
t
 
a
c
t
i
v
i
t
i
e
s
 
s
h
o
u
l
d
 
'
b
e
 
m
a
d
e
 
a
s
 
p
r
a
c
t
i
c
a
l
 
a
n
d
 
m
e
a
n
i
n
g
f
u
l
 
a
s

p
o
s
s
i
b
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
r
t
i
c
l
e
s
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
m
a
y

a
s
s
i
s
t
 
i
n
 
t
h
i
s
 
p
r
o
c
e
s
s
.

A
.

T
e
s
t
i
n
g
 
d
i
f
f
e
r
e
n
t
 
a
d
h
e
s
i
v
e
s
 
o
n
 
s
t
a
n
d
a
r
d
 
s
i
z
e
 
s
t
r
i
p
s
 
o
f
 
m
e
t
a
l

f
o
r

t
h
e
i
r
 
s
h
e
a
r
 
s
t
r
e
n
g
t
h
.

T
e
s
t
i
n
g
 
t
h
e
 
e
f
f
e
c
t
i
v
e
n
e
s
s
 
o
f
 
d
i
f
f
e
r
e
n
t
 
c
l
e
a
n
i
n
g

s
o
l
u
t
i
o
n
s
 
u
s
i
n
g
 
a
n

a
d
h
e
s
i
v
e
 
o
n
 
t
e
s
t
 
s
t
r
i
p
s
.

C
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
 
p
a
r
t
s
 
r
e
l
a
t
i
o
n
s
h
i
p
s
.



A
SS

E
M

B
L

Y
 -

E
X

PE
R

IE
N

C
E

S.
-

L
E

V
E

L

U
n
i
t
 
I
V

T
i
t
l
e
:

M
e
a
s
u
r
i
n
g
 
a
n
d
 
C
h
e
c
k
i
n
g
 
D
i
m
e
n
s
i
o
n
s
 
W
i
t
h
 
P
r
e
c
i
s
i
o
n

I
n
s
t
r
u
m
e
n
t
s
.

ad
js

tly
e:

T
o
 
d
e
v
e
l
o
p
 
i
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
t
h
e
 
c
a
p
a
b
i
l
i
t
y
 
i
n
 
u
s
i
n
g
 
p
r
e
c
i
s
i
o
n
 
i
n
s
t
r
u
m
e
n
t
s

w
h
e
n
 
m
e
a
s
u
r
i
n
g

an
d 

ch
ec

ki
ng

a
m
e
n
s
i
o
n
s
.

M
A

A
N

A
lM

L
A

A
ap

la
nt

in
L

eg
an

ai
ng

:
'A

.
M

ea
su

ri
ng

 a
nd

 c
he

ck
in

g 
di

m
en

si
on

s
w
i
t
h
:
 
(
s
l
i
d
i
n
g
 
T
-
b
e
v
e
l
,
 
m
i
c
r
o
-

m
et

er
, i

ns
id

e,
 o

ut
si

de
 d

ep
th

,
Sc

re
w

 th
re

ad
, f

ee
le

r 
ga

ge
)

.
D
e
t
e
r
m
i
n
i
n
g
 
n
u
m
b
e
r
 
o
f
 
t
h
r
e
a
d
s

p
e
r
 
i
n
c
h
 
w
i
t
h
 
a
 
t
h
r
e
a
d
 
g
a
g
e
.

V
e
r
b
a
l
 
L
e
a
r
n
i
n
g
:

C
o
m
m
u
n
i
c
a
t
i
o
n
:

A
.

R
e
a
d
i
n
g
 
b
l
u
e
p
r
i
n
t
s
 
t
o
 
d
e
t
e
r
m
i
n
e
:

(
s
i
z
e
 
o
f
 
t
h
e
 
w
o
r
k
 
p
i
e
c
e
,
 
f
i
n
i
s
h
 
a
n
d

a
c
c
u
r
a
c
y
 
r
e
q
u
i
r
e
d
)

M
a
t
h
e
m
a
t
i
c
s
:

A
.

A
p
p
l
y
i
n
g
 
a
 
k
n
o
w
l
e
d
g
e
 
o
f
 
f
r
a
c
t
i
o
n
s

.

(
a
d
d
i
n
g
,

-
s
u
b
t
r
a
c
t
i
n
g
,
 
m
u
l
t
i
p
l
y
i
n
g
 
a
n
d

d
i
v
i
d
i
n
g
)

.

A
p
p
l
y
i
n
g
 
a
 
k
n
o
w
l
e
d
g
e
 
o
f
 
d
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c
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b
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n
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u
l
t
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p
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n
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c
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c
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l
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c
t
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n
g
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p
r
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a
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e
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m
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c
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g
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d
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.
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i
t
 
V

v
O
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p
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b
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R
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c
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b
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r
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n
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n

O
b
t
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n
i
n
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r
m
a
t
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n
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o
u
t
:

A
.

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
o
u
t
l
o
o
k
.

B
.

T
h
e
 
w
a
g
e
 
s
c
a
l
e
.

C
.
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h
e
 
t
y
p
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s
 
o
f
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r
a
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n
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n
g
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v
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i
l
a
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l
e
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.
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e
 
w
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g
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s
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x
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c
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c
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c
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n
 
o
f
 
e
m
p
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.

T
h
e
 
o
p
p
o
r
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n
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t
i
e
s
 
f
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r
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d
v
a
n
c
e
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e
n
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.
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d
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n
t
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o
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.
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.

T
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u
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e
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o
f
.
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h
e
 
w
o
r
k
 
i
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v
o
l
v
e
d
 
i
n
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h
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o
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u
p
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.
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.
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c
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.

B
.

V
i
s
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t
i
n
g
 
4
n
 
o
f
f
i
c
e
 
o
f
 
t
h
e
 
S
t
a
t
e
 
E
m
p
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y
m
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t
 
S
e
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c
e
.

C
.

L
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a
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k
e
r
 
f
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un

io
n.
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i
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.
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c
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.
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t
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c
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N
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l

P
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r
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e
l
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o
k
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e
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i
c
a
l
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F
a
s
t
e
n
i
n
g

M
e
t
h
o
d
s
 
F
o
r
 
A
l
t
u
r
r
k
n
u
r
t

F
i
l
m

C
a
r
e
 
A
n
d
 
.
U
s
e
 
o
f
 
H
a
n
d

T
o
o
l
s
:

P
a
r
t
 
I
:
 
A
n
 
I
n
t
r
o
d
u
c
t
i
o
n

T
o
 
H
a
n
d
 
T
o
o
l
s

F
i
l
m

P
a
r
t
 
I
t
s
 
B
a
s
i
c
 
L
a
y
o
u
t

T
o
o
l
s

P
a
r
t
 
I
I
I
:
 
H
a
c
k
s
a
w
s
:

P
a
r
t
 
I
V
:
 
F
i
l
e
s
 
&
 
F
i
l
i
n
g

F
a
r
t
 
V
:
 
T
w
i
s
t
 
D
r
i
l
l
s

P
a
r
t
 
V
I
:
 
M
e
t
a
l
 
C
u
t
t
i
n
g

C
h
i
s
e
l
s

P
a
r
t
 
v
i
i
:
 
T
h
r
e
a
d
i
n
g

W
i
t
h
 
T
a
p
s
 
&
 
D
i
e
s

T
h
e
'
 
T
o
o
l
s
 
A
n
d
 
R
u
l
e
s

F
o
r
 
P
r
e
c
i
s
i
o
n

M
e
a
s
u
r
i
n
g

D
E
S
C
R
I
P
T
I
O
N

B
o
o
k
 
c
o
v
e
r
s
 
b
a
s
i
c
 
h
a
n
d
 
a
n
d

s
m
a
l
l
 
p
o
w
e
r
 
t
o
o
l
s
.

H
a
n
d
b
o
o
k
 
d
e
s
c
r
i
b
e
s
 
m
e
t
h
o
d
s

o
f
 
f
a
s
t
e
n
i
n
g
.
 
a
l
u
m
i
n
u
m
.

F
i
l
m
s
 
s
h
o
w
 
t
h
e
 
g
e
n
e
r
a
l

p
r
i
n
c
i
p
l
e
s
 
a
n
d
 
r
u
l
e
s
 
f
o
r

u
s
i
n
g
 
h
a
n
d
 
t
o
o
l
s
 
p
r
o
p
e
r
l
y
.

1
1
 
m
i
n
.
 
f
r
e
e
,
 
B
 
&
 
W
.

7
 
m
i
n
.
 
f
r
e
e
,
 
B
 
&
 
W
.

5
 
m
i
n
.
 
f
r
e
e
,
 
B
 
&
 
W
.

5
 
m
i
n
,
 
f
r
e
e
,
 
B
 
&
 
W
.

7
 
m
i
n
.
 
f
r
e
e
,
 
B
 
&
 
W
.

5
 
m
i
n
.
 
f
r
e
e
,
 
B
 
&
 
W
.

5
 
m
i
n
.
,
 
f
r
e
e
,

a
&
 
W
.

F
i
l
m
 
s
h
o
w
s
 
t
h
e
 
h
i
g
h
l
i
g
h
t
s

i
n
 
t
h
e
 
h
i
s
t
o
r
y
 
o
f
 
p
r
e
c
i
s
i
o
n

m
e
a
s
u
r
i
n
g

S
O
U
R
C
E

G
o
v
e
r
n
m
e
n
t
 
P
r
i
n
t
i
n
g

O
f
f
i
c
e
.

R
e
y
n
o
l
d
s
 
M
e
t
a
l
s
 
C
o
.

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

U
n
i
t
e
d
 
W
o
r
l
d
 
F
i
l
m
s
,
 
I
n
c
.

A
lu

m
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U
m

C
o
m
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a
n
y
 
o
f

A
m
e
r
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a
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SOURCES FOR 'INSTRUCTIONAL MATERIALS

This section of the report provides
the addresses for the instructional mater-
ials listed at the end of each occupational
area.
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SOURCES FOR INSTRUCTIONAL MATERIALS

Aluminum Company of America
1717 Gulf Building
Pittsburgh, Pennsylvania

American- Technical Society
Department W. 292
848 E. 58th St.
Chicago 37, Illinois

Arcos Corporation
1500 Se 50th St.
Philadelphia 43, Pennsylvania

Arizona State University
Film Cooperative
Tempe,. Ariiin4
The Bruce Publishing Co.
400 N. Broadway
Milwaukee 1, Wisconsin

Bureau of Mines, U.S
Central Experimental Station
4800 Forbes St.
Pittsburgh 13, Pennsylvania

Carl r .Mahrike Productions
215 B. 3id St.
Des Moines, Iowa

Cincinnati Tool Company
Wauerly & Main
Cincinnati 12, Ohio

Cleveland Twist. Drill Co.
1242 E. 49th St.
Cleveland 14, Ohio

,Goodheart-Willcox Co., Inc.
1322 South Wabash Ave.
,Chicago 5, Illinois

Jam Handy
281 E. Grand Blvd.
Detroit 11, Michigan

Leblond Machine Tool Co.
Cincinnati 8, Ohio

Lincoln Electric Company
Department 1736, Box 3115
Cleveland 17, Ohio

Linde Company
30 E. 42nd St.
New York 17, New York

// Lufkin Rule Company
Saginaw, Michigan

deal PictUres Corporation-
28 E. -8th St.
Chicago 5, Illinois

McGraw-Hill Book Co., Inc.
330 W. 42nd St.
New York 36, New York

McKnight & McKnight Publishing
Company
Bloomington, Illinois

Reynolds Metals Company
P.O. Box 2346
Richmond 18, Virginia

South Bend Lathe
South Bend 22, Indiana

L.S. Starrett Co.
Athol, Massachusetts

Stoody Company
Whittier, California

United World Films
1445 Park Ave,.
New York 29, New York

U.S. Department of Labor
Washington 25# D.C.

U.S. Government Printing
Off ice
"Washington 25, D.C.


